


FOREWORD

Recycling asphaltic and Portland cement concrete pavements back into new road construction or
reconstruction is already widely practiced across the nation. This recycling represents an
important obligation of the Federal Highway Administration (FHWA) and its partners at the
State level to manage its own by-product materials. However, FHWA also recognizes that other
recycled materials may also be appropriately used in highway infrastructure.

A number of states are experiencing increased interest and activity in use of recycled materials,
some of which have excellent engineering properties and have been used successfully in other
jurisdictions or countries. Applications for the use of more novel recycled materials in highway
construction are also increasing. FHWA encourages the appropriate and economical use of
recycled materials where engineering performance is equal to or exceeds traditional materials and
where the materials do not contribute to current or future environmental problems.

In a similar vein, as stewards of the Nation’s highways, FHWA desires to maintain a quality
infrastructure and good roads. Use of recycled materials in the highway environment must
promote this concept. Pavements and appurtenances have typical design lives and performance
specifications that ensure a level of performance accepted by the engineering community and the
public. Substitution of alternative materials must provide the same economic, engineering, and
environmental benefits as traditional materials.

This manual is intended to provide guidance to assist transportation agencies in the maintenance
of high-quality roads that perform to high engineering standards over their design life without
future problems, and to promote cooperative efforts with environmental agencies to ensure that
present and future environmental problems do not arise when recycled materials are used in
highway infrastructure. '

“ZW&W/ |

T. Paul Teng, P.E.
Director, Office of Inffdstructure
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to the
object of the document.
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EVALUATION FRAMEWORK Executive Summary

INTRODUCTION

Although many by-product materials such as recycled concrete material, recycled asphalt
pavement, blast furnace slag, and coal fly ash have historically been used in the highway
environment, methods for evaluating the engineering and environmental suitability of such
materials have not been formally developed. Some State agencies have adopted regulatory or
procedural frameworks for examining the potential for using recycled materials (sometimes
referred to as a beneficial use determination or a new product evaluation process), but the
absence of definitive methods of evaluation and specific criteria for determining the suitability
of using such materials have in most instances limited the utility of these procedures.

The result is that both an applicant, who desires to use a recycled material, and a decision maker,

who must determine the suitability of the application, in many cases do not have a clear or
consistent approach (an evaluation framework) that can be used to proceed with such an
evaluation. This report presents an evaluation framework for evaluating the feasibility of using
recycled materials in the highway environment.

FRAMEWORK STEPS

The evaluation framework recommended in this report is illustrated in a flowchart format
presented in Figure ES-1. The location in the main report of each item in the flowchart is
identified in the figure. There are five steps in the framework.

® Step 1 — Select Material and Application

The first step in the framework process is to select a material and an application {(e.g., use blast
furnace slag in embankment construction) and submit the application to the evaluator or decision
maker. In most cases the evaluator or decision maker(s) will be the State transportation and/or
environmental agencies.

® Step 2 — Define and Evaluate Issues

The second step is to collect all relevant information that can provide input into the decision-
making process. This includes, for the material and its proposed application, all related historical
data, engineering and material property data, environmental, health and safety data,
implementation constraints, recycling issues, and economic issues.

The purpose of this step is to define all issues that may warrant more detailed examination and in
particular those issues that may be problematic insofar as approval of the material for use may be -

ES-1



EVALUATION FRAMEWORK Executive Summary

Start

Modify Material/ . L
Application L, Select Material/Application
(See Chapter 2) (See Chapter 2)
&S T
Proceed
v
Define and
Significant issues, Evaluate Issues
go to modify ] (See Chapter 2)
or deny I
Go to Stage 1
Most or critical Stage 1 Previous history
criteria are not met, go ] Screening —  of use supports
to modify or deny (See Chapter 3) approval
|
Additional
testing needed
Most or critical Stage 2 o
@— criteria are not met, go | Laboratory Testing | CTHEM2 gl Apnroval
to modify or deny (See Chapters 4 & 5) are met -General
I -Categorical
I : -Site-Specific
Lab testing inconclusive, (See Chapter 2)
go to Stage 3
Most or critical Stage 3
criteria are not met, go Field-Scale Criteria
to modify or deny Testing are met
and Demonstrations
{See Chapters 6 & 7)-

Figure ES-1. Evaluation framework flow process.
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EVALUATION FRAMEWORK Executive Summary

concerned. Recommended checklists to ensure that the proper information is collected for such
an evaluation are provided in Chapter 2, Purpose and Methodology.

® Step 3 — Stage 1 Screening Evaluation

The third step in the process is a Stage 1 screen. The purpose of a Stage 1 screen is to determine
whether the data collected in Step 2 are sufficient to approve (or reject) the proposed application
without additional study. A Stage 1 approval means that the evaluator has a high degree of
certainty that the applicant has provided sufficient information to justify acceptance of the
proposed material and application. The applicant will typically be required to demonstrate that
the proposed material is sufficiently similar to reference materials, which have been used

- successfully, to warrant approval.

A Stage 1 screen should include an assessment of all existing data pertaining to engineering data,
environmental health and safety, data recycling issues, implementation concerns, political issues,
and economic issues to ensure that the data are sufficient to permit a responsible decision. A
series of recommended screening checklists, evaluation procedures, and evaluation criteria is
presented in Chapter 3, Screening.

@ Step 4 — Stage 2 Laboratory Evaluation

A Stage 2 laboratory evaluation is recommended if a Stage 1 review determines that existing
information is insufficient to either accept or reject the application. The Stage 2 evaluation
screen is intended to characterize (1) the engineering and materials properties and (2) the
environmental, health, and safety properties of the proposed recycled material and its application
product. These data can then be compared with established criteria or with the performance of
reference materials using available laboratory and analytical engineering and environmental
protocols.

To undertake a Stage 2 laboratory evaluation, it is recommended that (1) a test plan be prepared
that delineates the samples to be tested and the tests to which the sample will be subjected, (2)
acceptable specifications or performance criteria be identified that can be used as a means for
evaluating the results of the test plan, and (3) the data be statistically evaluated to determine if
specifications are met or if performance is similar to appropriate reference materials.

The most critical steps in a Stage 2 evaluation are development of the test plan and establishment
of performance criteria. The main framework document provides a description of engineering
and environmental parameters that will typically be of interest to decision makers when
evaluating the use of proposed materials in specific applications and provides detailed lists of
applicable laboratory test methods that can be used in the evaluation. Engineering and
environmental parameters and test methods are presented in Chapter 4, Engineering Lab Tests
and Chapter 5, Environmental Lab Tests, respectively.

ES-3
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@ Step 5 — Stage 3 Field Scale Testing and Demonstration

A Stage 3 field testing may be warranted if the available data are still inconclusive after both
Stage 1 and Stage 2 evaluations. Stage 3 is intended to provide field-scale data on (1)
engineering and material properties, and (2) envirommental, health, and safety properties of the
proposed recycled material and its application product. These data can then be compared with
established performance criteria or with reference materials (e.g., a control section).

Both engineering monitoring and environmental monitoring may be required during a field trial.
Engineering monitoring refers to field evaluation activities that are intended to identify
construction and performance aspects that may be affected by the use of a new material.

" Environmental monitoring refers to field evaluation activities that are intended to identify
impacts to nearby air, soil, and water resources, as well as to the health and safety of workers
that may result from the use or performance of the material.

Both short-term and long-term monitoring activities may be required for each type of monitoring

activity. Short-term monitoring activities are activities designed to evaluate how the new

material might affect the application during the end-product production process, such as asphalt

or portland cement concrete production, and during and/or immediately after construction. Long- .
term monitoring activities are designed to evaluate how the proposed application performs b
during the post-construction period and can involve a time period ranging from several years up

to the design life of the application.

To undertake a Stage 3 evaluation, it is recommended that (1) a demonstration test plan be
prepared that delineates the field monitoring requirements, (2) acceptable specifications or
performance criteria be identified to evaluate results of the field demonstration, and (3) the data
be statistically evaluated to determine if specifications are met or if performance is similar to
that of appropriate reference materials.

Field monitoring activities will differ, depending on the type of application being proposed.
Recommended engineering and environmental field monitoring activities are presented in Chapters 6 and
7, respectively.

EVALUATION AND APPROVAL

The approval process, depicted in the lower right-hand box in Figure ES-1, is an integral part of

the framework. Approval can occur at Stage 1, 2, or 3 of the evaluation process. Approval or

rejection is dependent on the performance of the recycled material in the proposed application

compared with potential criteria and specifications determined by the decision maker. Three

types of approvals are possible: general, categorical, and site-specific. .
General approvals are blanket approvals in which minimal, if any, conditions are imposed on the

applicant. Such approvals are to be used where there is an overwhelming preponderance of data
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and history showing that the recycled material and application can be employed without adverse
engineering or environmental consequences.

Categorical approvals impose more restrictive limits regarding where and how a material may be
used. For example, such approvals may limit the use of a recycled material to a specific
environment (e.g., a defined distance above the groundwater table), or to a specific location in
the highway environment (e.g., base course as opposed to a wearing course pavement).

Site-specific approvals are one-time approvals and require the applicant to resubmit an
application for the next project. These approvals normally require field monitoring to obtain
additional information to assist the decision maker in assessing the suitability of the material in

- the proposed application.

FRAMEWORK FLEXIBILITY

The framework provides for combining or skipping steps if it is clear that such action is
appropriate. For instance, if Step 2 determines that engineering or environmental data are
insufficient, then the decision maker could decide to bypass a Stage 1 evaluation and undertake a
Stage 2 and Stage 3 evaluation.

The framework also provides, as part of the stepwise evaluation process, the means to modify or
beneficiate materials that do not meet criteria, so that the application will not be rejected out of
hand without providing the applicant with an opportunity to revise the application on the basis of
new data obtained during the evaluation process. This process is illustrated by the arrow directed
toward the modify material application box in the upper left-hand corner of Figure ES-1.

FRAMEWORK LIMITATIONS

This document presents a comprehensive evaluation framework that decision makers can use
when evaluating the use of recycled materials in highway applications. The complexity
associated with defining evaluation procedures and criteria demands, however, that the
evaluator select the best test methods and criteria subject to local conditions, and that the criteria
and test methods be continually updated as new information is made available.

The multidisciplinary engineering and environmental effort involved in implementing the steps
outlined in this framework will require that State engineering and environmental agencies forge
cooperative efforts, pooling the necessary resources to undertake the necessary evaluation effort.
Only through such cooperative efforts can these complex issues receive proper attention,
ensuring the appropriate use of recycled materials in the highway environment.
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OVERVIEW

There is an increasing interest on the part of the public, State regulators, the Federal
Government, and industry to explore the use of recycled materials in the highway environment.
Although many recycled materials have historically been used in the highway environment, use
of recycled material is a relatively new concept in some States. There are also large differences
between States about how recycled materials are evaluated and permitted for use.

The management and regulation of recycled materials use in the highway environment is
jurisdictionally, at least in part, the responsibility of both the State transportation and

environmental agencies. This document is meant to provide guidance to decision makers in each

of these respective agencies in the evaluation and management of these materials.

Many by-product materials generated in the transportation sector, industrial sector, municipal
sector, and mining sector of the U.S. economy have properties that make them potentially useful
as recycled materials in the highway environment. Examples of materials generated in the
transportation sector include reclaimed asphalt and portland cement concrete pavements, excess
fill, street sweepings, and dredge materials. Examples of materials generated in the industrial
sector include blast furnace slag, steel slag, nonferrous slags (e.g., copper, zinc, phosphate),
sulfate wastes, coal combustion by-products (e.g., fly ash, bottom ash, boiler slag, flue gas
desulfurization residues), kiln dusts (e.g., cement and lime-kiln), baghouse dusts (e.g., asphalt
plant, smelters), foundry sands, and slags. Examples of materials generated in the municipal
sector include waste glass, scrap tires, biosolids, construction and demolition (C&D) debris,
wood waste, petroleum contaminated soils, roofing shingle scrap, plastics, wastewater sludge
ash, and municipal solid waste combustor residues. Examples of materials generated in the
mining sector include phosphogypsum, quarry waste, and mill tailings.

In the past, recycled materials have primarily been used in the transportation and industrial
sectors. In the transportation sector, the use of excess asphaltic and concrete pavement for
recycled asphalt pavement and reclaimed concrete material has become standard practice in most
States. The use of materials generated in the industrial sector (primarily slags and coal
combustion residues) has also been demonstrated, with good results.

Although the mining industry generates large quantities of by-product materials, the inaccessible
location of most mining operations, relative to major metropolitan areas where the demand for
highway construction materials is greatest, limits the potential for using large quantities of this
resource in the near term.

Municipal wastes have potential uses, but inconsistent supply and small quantities associated
with many individual waste streams (e.g., glass, shingles, plastics) relative to construction
industry market requirements (which tend to require large quantities on demand) limit the
attractiveness of these materials to most contractors.
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Figure 1-1 illustrates some locations where recycled materials have the potential for use in a.
typical highway environment. These materials may be used to replace conventional materials in
the fabrication or construction of highway appurtenances such as bridges, guardrails, and signs;
as substitute materials for the pavement structure; as aggregates and supplementary cementitious
materials in asphalt and portland cement concrete, granular or stabilized base and subbase; and
as substitute embankment, fill, and landscaping materials.

Given the trend to recycle and utilize materials in the highway environment, materials
introduced into a highway can be expected to be used more than once in one or more
applications. Figure 1-2 is a diagram highlighting the life cycle of a recycled material used in the
~ highway environment. At the completion of its initial service life, the new material may enter a
secondary application (i.e., be recycled again) or be disposed of. Engineering and environmental
issues need to be considered, not only when a recycled material is proposed for use during the
initial service life of the material, but also in subsequent life cycles.

DEFINITIONS

For the purpose of this document, waste, recycled, reclaimed, and by-product materials are
collectively grouped under the general category recycled materials. The use, reuse, or recycling
of these materials into construction or reconstruction in the highway environment is collectively
referred to as recycled materials use or utilization.

In addition, throughout this document, reference will be made to classes of materials as defined
below:

Traditional Highway Materials — recycled materials originating in the highway sector that have
historically been used with good results in highway construction applications (e.g., recycling of
asphaltic pavements or portland cement concrete pavements back into new pavement
construction or pavement reconstruction).

Traditional Recycled Materials in Traditional Application — recycled by-product materials
originating in the industrial, municipal, or mining sector that have historically been used with
good results in highway construction applications (e.g., the use of coal fly ash or blast furnace
slag as a portland cement substitute in portland cement concrete pavements).

Traditional Recycled Materials in New Application — recycled by-product materials originating
in the industrial, municipal, or mining sector that have historically been used for one application
proposed for use in a new application (e.g., the use of reclaimed concrete aggregate in asphalt
concrete pavements).

T,
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Figure 1-1. Schematic of the highway environment.
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New Recycled Materials in Traditional Application —recycled materials that have not been
previously used (i.e., little or no historical data) in applications where other recycled materials
have been used (e.g., the use of nonferrous slags as a portland cement substitute in portland
cement concrete pavements).

New Recycled Materials in New Application — recycled materials that have not been previously
used (i.e., little or no historical data) in new applications (e.g., the use of municipal solid waste
bottom ash in cold emulsion stabilized base course).

Recycled Materials in Appurtenances — recycled materials (e.g., plastics) used in the

manufacture of signs, barriers, or guardrails.

The term “traditional application” as used in the above definitions is meant to refer to highway
construction applications in which the proposed material or similar types of recycled materials
have previously been used. The term “new application” is meant to refer to a highway
construction application in which the proposed materials or similar types of recycled materials
have not been used.

SCOPE

In addition to this introduction, this document contains nine additional chapters. The chapter
following this introduction provides a general description of the purpose of the framework and
the general methodology used in the evaluation process. Subsequent chapters (3 through 7)
provide detailed descriptions of the screening, laboratory testing, and field evaluation portions of
the process. Chapter 8 provides an illustrative example of the process, Chapter 9 a statistical
resource section, and Chapter 10 a web site resource section.

This guidance document will be maintained at the following web sites:
. http://www.rmrc.unh.edu

. http://www.tthre.gov

1-5
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INTRODUCTION

The purpose of the evaluation framework is to articulate a logical process whereby a decision
maker can evaluate a recycled materials utilization application and determine whether the
proposed application is technically and environmentally feasible. Acceptance of a proposed
application by State transportation and environmental officials means that all relevant
engineering, environmental, health and safety, recycling, implementation, and economic issues
have been properly addressed.

The framework presented is intended as a road map. It follows the process from conception
through job-specific production with decision points to modify the recycled materials, if

" problems are encountered, or to deny the proposed application if problems cannot be rectified.

The road map is intended to be a consensus-based document so that all parties in the decision-
making process are aware of the evaluation procedure and the criteria that will be used to
approve or reject the application. '

FRAMEWORK FLOWCHART

The evaluation framework flowchart is presented in Figure 2-1. Figure 2-1 is a hierarchical
flowchart, which flows from the general (i.e., less detailed) to the specific (i.e., more detailed)
evaluation steps. It considers a selected recycled material (e.g., blast furnace slag) and a
candidate application (e.g., asphalt concrete base course). Together, these constitute a material
application or product (blast furnace slag as an aggregate substitute in asphalt concrete) that is to
be considered. -

Once the material and application are identified, it is the responsibility of all parties (particularly
the decision makers) to define all relevant issues that need to be addressed in order to determine
the feasibility of the application.

The process follows three hierarchical steps to evaluate the issues raised. In the Stage 1
screening step, all existing data are evaluated and it is determined whether the application can be
approved without any additional testing. The Stage 1 screening step is presented in detail in
Chapter 3. In the Stage 2 laboratory testing step, either engineering or environmental laboratory
tests are conducted to obtain additional information on the suitability of the application. The
Stage 2 engineering and environmental laboratory testing steps are presented in detail in
Chapters 4 and 5, respectively. In the Stage 3 field testing step, the application is field tested to
further validate its suitability. The Stage 3 engineering and environmental field testing steps are
presented in detail in Chapters 6 and 7, respectively.
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Figure 2-1. Evaluation framework flow process.
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FRAMEWORK Purpose and Methodology

As an example of the process, one would expect that traditional highway or traditional recycled
materials used in traditional applications with long track records of successful use, which are
being proposed for use in an identical application in a different location (e.g., State) where the
material had not yet been used, could be approved after a Stage 1 screen. One would also expect,
however, that new recycled materials used in traditional applications, which are similar to
traditional materials, would require some laboratory testing and evaluation (Stage 2) before the
application would be approved. Additionally, one would expect that new recycled materials that
are being proposed for use in a new application would require both Stage 2 laboratory testing
and Stage 3 field testing before approval of the application would be considered.

The flowchart presented in Figure 2-1 provides for combining stages if it is clear from the

original assessment that laboratory and field testing will be required. For instance, an initial

assessment of the use of processed harbor sediments as an embankment material may suggest
that laboratory testing and field placement are needed. This could mean that the applicant and
decision maker would decide that combining a Stage 2 and Stage 3 evaluation is more
appropriate than initiating sequential Stage 2 and Stage 3 evaluations.

The flowchart also provides, as part of the stepwise evaluation process, the means to modify or
beneficiate materials that do not meet criteria so that the application will not be rejected out of

_hand without providing the applicant an opportunity to revise the application on the basis of new

data obtained during the evaluation process.
This process contains some important limitations:

. This document is meant as guidance for States. It does not supercede existing State
beneficial use determination (BUDs) or permitting programs, nor does it impose a
Federal perspective on the States. Rather, it is meant to assist States in developing a
comprehensive and consistent review and evaluation process for recycled material use.

. New or manufactured products or testing and evaluation criteria fall under existing State
protocols with evaluation procedures or performance specifications dictated by the
American Society for Testing and Materials (ASTM), the American Association of State
Highway and Transportation Officials (AASHTO), or other testing protocols. This
process is meant to work with or complement that process, not supercede it. As the reader
examines this document, it will be readily apparent that different criteria may need to be
developed, new evaluation tests may be needed, and evaluation of a specific project may
perhaps depend on site-specific situations that cannot be addressed by this general
document.

. Issues about the future environmental liability of recycled materials reused in the
highway environment, particularly as they relate to Superfund designation, are presently
being evaluated by U.S. EPA and are not expressly addressed here.
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. The area of environmental assessment (as it relates to human and ecological risk) is an
evolving one. Rather than prescribe a specific approach, a range of possible approaches is
provided as these tend to encompass the approaches being adopted by State
environmental regulatory agencies.

o It is assumed that State transportation and environmental agencies will both be involved
in the evaluation process to address the multidisciplinary engineering and environmental
issues that are presented in the framework.

- SELECT MATERIAL/APPLICATION
Types of Applications

The first step in the framework process is the selection by the applicant of a material and
application. There are seven major application categories in the highway environment in which
recycled materials have their greatest potential applicability. These include asphalt concrete -
pavements, portland cement concrete pavements, granular base, embankment or fill, stabilized
base, flowable fill, and landscaping applications. Other applications exist (e.g., curb and gutter,
medians, guardrails, signs, etc.), but these applications utilize smaller quantities of materials than
the aforementioned applications, and their evaluation methods (testing and criteria) are dictated
by special industrial standards.

Asphalt Concrete

Asphalt concrete pavements consist of a combination of layers, which include an asphalt
concrete surface constructed over a granular or asphalt concrete base and a subbase. The entire
pavement structure, which 1s constructed over the subgrade, is designed to support the traffic
load and distribute the load over the roadbed. Pavements can be constructed using hot mix or
cold mix asphalt. Surface treatments are sometimes used during pavement construction. A
surface treatment acts as a waterproof cover for the existing pavement surface and also provides
resistance to abrasion by traffic.

Portland Cement Concrete

Portland cement concrete pavements (or rigid pavements) consist of a portland cement concrete
slab that is usually supported by a granular or stabilized base and a subbase. In some cases, the
portland cement concrete slab may be overlaid with a layer of asphalt concrete.

Granular Base

Aggregates are used in granular base and subbase layers below the driving surface layer(s) in
both asphalt concrete and portland cement concrete pavement structures. The aggregate base

2-4
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layers serve a variety of purposes, including reducing the stress applied to the subgrade layer and
providing drainage for the pavement structure. The granular base layer is directly below the
pavement surface and acts as the load-bearing and strengthening component of the pavement
structure. The granular subbase forms the lowest (bottom) layer of the pavement structure. It
acts as the principal foundation for the subsequent road profile, provides drainage for the
pavement structure, and protects the structure from frost.

Stabilized Base

A stabilized base is a class of paving materials that are mixtures of one or more sources of
aggregate and either bituminous or calcium-based cementitious material(s) that can be

* compacted to form a dense mass. A stabilized layer can be used as an alternative means of

supporting overlying pavements and/or to strengthen weaker base or subbase components in a
pavement structure.

Embankment or Fil}

An embankment refers to a volume of earthen material that is placed and compacted for the
purpose of raising the grade of a roadway (or railway) above the level of the existing
surrounding ground surface. A fill refers to a volume of earthen material that is placed and
compacted for the purpose of filling in a hole or depression. Embankments or fills are
constructed of materials that usually consist of soil, but may also include aggregate, rock, or
crushed paving material.

Flowable Fill

Flowable fill refers to a cementitious slurry consisting of a mixture of fine aggregate or filler,
water, and cementitious material(s), which is used primarily as a backfill in lieu of compacted
earth. This mixture is capable of filling all voids in irregular excavations and hard to reach
places (such as under and around pipes), is self-leveling, and hardens in a matter of a few hours
without the need for compaction in layers. Flowable fill is sometimes referred to as controlled
density fill (CDF), controlled low strength material (CLSM), lean concrete slurry, and unshrink-
able fill.

Landscaping Materials
In the highway environment, there is a need for landscaping materials that can be used as soil
amendment, top cover, mulch, grading material, and erosion control material. It is of added

benefit if these materials have nutrient value, particularly when they will be supporting
vegetative growth.

2-5



FRAMEWORK Purpose and Methodology

Examples of Applications of Recycled Materials

Table 2-1 lists recycled materials that have been used or have the potential for use, based on
their engineering properties, in the seven major application categories previously described. As
is evident in the table, many potentially recyclable materials have a number of potential uses. For
instance, coal fly ash has been used as a mineral filler in aspbalt paving, as mineral admixture in
portland cement concrete, as fill material in embankments, as pozzolan in stabilized base, and as
a fine aggregate in flowable fill mixes.

DEFINE AND EVALUATE ISSUES
Purpose of the Define and Evaluate Issues Step

The second step in the framework process is the issues definition step. The purpose of this step is
to identify all relevant historical activities, engineering and materials property data,
environmental health and safety data, potential implementation issues, future recycling issues,
and economic issues associated with the proposed material application. During this step, an
evaluation should be made to determine whether there are any readily apparent issues that could
warrant rejection or medification of the proposed application.

The degree and detail to which this step is addressed can dictate whether the evaluation proceeds
in a proper manner. If the effort in this step is incomplete, then key historical, material property,
environmental, health and safety, implementation, recyclability, and economic data can be
missed. This can result, at best, in the expenditure of unnecessary funds to duplicate previous
efforts by reevaluating a material that is already in use or, at worst, the omission of key issues in
the evaluation process that could result in either approval or disapproval of the proposal on the
basis of incomplete data.

Description of Key Issues

A flowchart that can be used to identify the key issues in any material-application proposal is
presented in Figure 2-2. The flowchart makes reference to Tables 2-2 through 2-7 that illustrate
each respective step in the issues identification process. The six tables include Table 2-2, which
addresses the issues associated with history and previous experience; Table 2-3, which addresses
materials and engineering property issues; Table 2-4, which addresses environmental, health,
and safety issues; Table 2-5, which addresses implementation issues; Table 2-6, which addresses
recycling issues; and Table 2-7, which addresses economic issues.

2-6
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Table 2-1. Potential uses of recycled materials in various applications.

Application Recycled Material

Asphalt Concrete Pavement

Mineral Filler Asphalt Plant Dust Lime Kiln Dust
Sewage Sludge Ash Coal Fly Ash
Cement Kilnn Dust

Asphalt Aggregate (Hot Mix) Blast Furnace Slag Petroleum Contaminated Soils
Coal Bottom Ash Reclaimed Asphalt Pavement
Coal Boiler Slag Roofing Shingle Scrap
Foundry Sand Scrap Tires
Mineral Processing Wastes Steel Slag
Municipal Solid Waste Ash Waste Glass
Nonferrous Slags

Seal Coat or Surface Treatment Aggregate Blast Furnace Slag Steel Slag
Coal Boiler Slag

Asphalt Cement Modifier Roofing Shingle Scrap Plastic

Scrap Tires

Portland Cement Concrete Pavement

Mineral Admixture or Cement Additive

Coal Fly Ash

Blast Furnace Slag

Portland Cement Concrete Aggregate

Reclaimed Concrete

Granular Base

Granular Base Materials Blast Furnace Slag Nonferrous Slags
Coal Bottom Ash Peiroleum Contaminated Soils
Coal Boiler Slag Reclaimed Asphalt Pavement
Combustor Ash Reclaimed Concrete
Foundry Slag Steel Slag
Mineral Processing Wastes Waste Glass
Municipal Solid Waste
Stabilized Base
Stabilized Base or Subbase Aggregate Coal Bottom Ash Petroleum Contaminated Soils
Coal Boiler Slag .
Stabilized Base Coal Fly Ash Lime Kiln Dust
Supplementary Cementitious Material Cement Kiln Dust Sulfate Wastes
Flowable Fill
Flowable Fill Aggregate Coal Fly Ash Quarry Fines
Foundry Sand
Supplementary Cementitious Material Coal Fly Ash Lime Kiln Dust
Cement Kiln Dust
Embankment and Fill
Embankment or Fill Materials C&D Debris Petroleum Contaminated Soils
Coal Fly Ash Reclaimed Asphalt Pavement

Mineral Processing Wastes
Nonferrous Slags

Reclaimed Concrete Scrap Tires

Landscaping Material

Soil Amendment, Top Cover, Mulch

Biosolids

| Wastewater Sludge Compost

‘Wood Chips
C&D Wood Waste
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If significant issues or
problems are identified,
then it is likely that
Stage 2 laboratory
testing (see Chapters 4
& 5) or the Stage 3 field
testing (see Chapters 6
& 7) will be required,
or it may be necessary
to consider modifying
the recycled material
for use in the proposed
application, or selecting
a new
application.
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Figure 2-2. Issues evaluation steps.
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Table 2-2. History and previous experience questions.

General Area General Questions’
History 1. Has the recycled material been used before? If so, identify uses. YO NO
2. Is information availablé about the source of the recycled material? If so, collect it. YO NU
3. Has this recycled material been previously used? If so, identify applications. YO N{I
4.  Has this recycled material been used in geographically diverse locations? If se, identify YO NO
locations.
5. Has it been used previously in a similar application? If so, ideﬁtify location. YO NO
6. Has this recycled material been used in other jurisdictions? If so, identify juﬁsdiction. YO NO
7. Have other jurisdictions granted use? If so, identify jurisdictional province. YO NO
Previous 1. Isinformation available about important prior experiences (previous use, prior objections, YO NO
Experience similarity with other materiais)? If so, collect the information.
2. Are there experts available to discuss prior experiences? This can include regulators, YOO NO
scientists, practitioners, waste generators, associations. If so, contact the experts.
3. Isthere any published literature about prior experiences? If so, obtain the information. YO NO

1.Y =Yes, N=No

"



Table 2-3. Engineering and materials properties questions.

General Area

General Questions’

Engineering 1.

Is information available about the engineering properties of the recycled material? This could
include information about gradation, bulk density, durability, and compaction data. If so,
collect the pertinent information.

Is the recycled material appropriately characterized with respect to time-dependent
engineering properties? This could include time-dependent variation in gradation, bulk

density, durability, and compaction. If so, collect the pertinent information.

For the proposed application, are there appropriate engineering criteria for the product? This

could include durability, grain size, and compaction requirements. If so, collect the pertinent-

criteria.

Is engineering information available about important prior experiences (previous use, prior
performance criteria, similarity with other materials)? If so, assemble the pertinent
information.

YO

YO

YO

YU

NO

N

NO

NO

Materials 1.

Properties

Is information available about the materials properties of the recycled material? This could
include information about loss on ignition, mineralogy, and pozzolanic activity of the waste
material, If so, summarize the data.

Is the recycled material appropriately characterized with respect to time-dependent materials
properties? If so, summarize the data.

For the proposed applidation, are there appropriate materials properties criteria for the
product? If so, identify the criteria.

YO

YO

YO

NDO

NO

N[O

1.Y=Yes, N=No
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Table 2-4. Environmental, health, and safety (EHS) properties questions.

General Area

General Questions’

Environmental

Is information available about the environmental properties of the recycled material? This -
could include information about total elemental composition, total available element
composition, and volatile and semi-volatile organics composition data. If so, collect the
pertinent information.

Is the recycled material appropriately characterized with respect to time-dependent
environmental properties? This could include time-dependent variation in total elemental
composition, total available element composition, and volatile and semi-volatile organics
composition. If so, collect the pertinent information.

For the proposed application, are there appropriate environmental criteria for the product?
This could include leaching data, total content data, particle size, etc. If so, collect the
pertinent criteria.

Is environmental information available about important prior experiences (previous use,
prior performance criteria, similarity with other materials)? If so, assemble the pertinent
information.

Have there been any environmental 2ssessments undertaken relative to the use of the
proposed material. If so, summarize the information.

YD

YO

YO

YO

Yyd

N

N[

NQO

NO

NDO

Public Health

Are there any Materials Safety Data sheets (MSDS) for the recycled materials? If so,
collect the sheets.

Have there been health risk assessments (HRA) undertaken relative to the proposed use of
the material? If so, summarize the information.

YO

YO

NO

NO

Safety

Have there been prior OSHA issues for generation, processing, storage, and use in previous
efforts? If so, summarize the information.

yQ

NO

LY =Yes, N=No
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Table 2-5. Implementation issue questions. .

General Area General Questions'
Implementation | 1. Are there any apparent political constraints? If so, describe them. YOO NOO ud
2, Are there any apparent regulatory constraints? If so, describe them. YO NOO ool
3. Are there any apparent public acceptability constraints? If so, describe them. YO NO ud
1. Y = Yes, N=No, U= Unknown
Table 2-6. Recycling issue questions.
General Area General Questions'
Recycling 1. Are there likely recycling or life-cycle issues? If so, identify them. YO NO U
2. Has the recycled material or its application been reused within other areas of the highway
environment? If so, identify them. YO NO ud
1. Y =Yes, N =No, U= Unknown
Table 2-7. Economic issue questions.
General Area General Questions’
Economic 1. Are there any apparent economic constraints? If so, identify them. YO NO v

1. Y = Yes, N = No, U = Unknown
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FRAMEWORK Purpose and Methodology

STAGE 1 -~ SCREENING

The next step in the framework process is the Stage 1 screening step. The Stage 1 screening step
includes screening procedures for engineering and materials properties, environmental, health
and safety, recycling, implementation, and costs. The purpose of the Stage 1 screen is to
determine, on the basis of existing data, whether the proposed application can be approved
without additional study. Such approval, in the absence of any additional testing, means that the
decision maker has a relatively high degree of certainty that the applicant has provided sufficient
information to justify acceptance of the proposed material and application. This will necessitate
that the applicant demonstrate that the proposed material is sufficiently similar to a “reference”
material (a material that is produced, processed, and utilized in a similar manner) to warrant
“approval of the application.

This screening step is most applicable in situations where (1) traditional materials are being
proposed for use in traditional applications, (2) the materials have been used historically without
problem, (3) there are large data sets from other locations, and (4) the environment in which it is
being proposed for use is similar to those environments in which is has been previously used. As
an example, an application that proposes the use of waste glass as part of a granular base might
be suitable for a Stage 1 screening approval, if the applicant can show that waste glass that has
been processed in a similar matter has been successfully used in similar applications in another
location.

This stage is not likely to result in approvals for use for traditional recycled materials in new
applications, new recycled materials in traditional applications, or new recycled materials in new
applications without additional (Stage 2 or Stage 3) study.

STAGE 2 - LABORATORY TESTING

The next step in the framework process is the Stage 2 laboratory testing evaluation. The Stage 2
testing evaluation is intended to characterize (1) the engineering and materials properties and (2)
the environmental, health, and safety properties of the proposed recycled material and its
application product. These characterization data can then be compared with established criteria
or to the performance of reference materials using similar laboratory protocols.

This Stage 2 laboratory testing stage is applicable in situations where (1) there is insufficient
historical information to adequately assess the properties of the proposed material, or (2) because
of uncertainty with respect to the reliability of historical data, verification of these data is
warranted.

A detailed presentation of Stage 2 testing engineering and environmental recommendations is
presented in Chapters 4 and 5, respectively.
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STAGE 1 EVALUATION Screening

INTRODUCTION
A Stage 1 screening procedure can be designed to address engineering, environmental, health

and safety, recycling, implementation, and economic issues. Recommended screening
procedures for each of the above referenced issues are presented in this chapter.

ENGINEERING

To undertake a Stage 1 engineering screening procedure, it is recommended that (1) a
comparative source assessment be undertaken, which includes an analysis of the production or

- generation processes of the proposed and reference materials to verify that they originate from

the same type of source, (2) a comparative materials properties assessment be undertaken, which
includes an evaluation to determine whether the properties of the proposed and reference
materials are sufficiently similar, and (3) a historical field performance assessment be
undertaken, which includes a determination from historical records that the material will perform
satisfactorily in the proposed application.

Figure 3-1 provides a flowchart highlighting the three steps in a Stage 1 engineering screen.
Included in Figure 3-1 is reference to Table 3-1, which provides additional guidance on
evaluating the material source, engineering properties, and field performance history of the
material during a Stage [ screen.

Materials Source Assessment

The materials source screening test method, presented in Figure 3-1 and Table 3-1, requires that
sufficient information be presented by the applicant to permit the decision maker to determine
that the proposed material is or will be generated and processed in a manner similar to the
historical reference material, and that changes in the production, generation, or post-production
operations will not impact the quality of the proposed material with respect to the intended
application.

If the quality of the feedstock material in any commercial or industrial operation is altered, one
can expect some modification in the quality of the recycled material generated or produced in the
process. For example, if the feedstock material for waste glass, which is being crushed and
screened for use as a fine aggregate, is switched from a glass supplier that provides clean
crushed glass (e.g., glass-only processor) to a supply of glass from a municipal recycling facility
that processes curbside recyclables that consist of metal cans, plastic containers, and glass), the
quality of the glass (with respect to the introduction of non-glass contaminants) can be expected
to decrease.

Many commercial and industrial operations periodically alter their production processes. Such
modifications could impact the material quality. For example, an increase or decrease in the

3-1



STAGE 1 EVALUATION | Screening

Engineering Property Data

The comparative engineering properties assessmient, presented in Figure 3-1 and Table 3-1,
requires that the applicant provide sufficient data to the decision maker to demonstrate that the
proposed and reference materials exhibit comparable engineering properties and conform to
established specifications, If proposed material data are unavailable (i.e., in a case where the
recycled material has not yet been produced), the decision maker must be satisfied that both the
proposed and reference materials will exhibit the same properties based solely on the
presentation of information provided in the material source assessment.

It is important that the engineering properties assessment be undertaken in conjunction with the
- materials source assessment to ensure that not only the engineering property data will be
comparable, but the expected variability in the data will be such that the desired statistical
comparability of the data will be maintained during continuous operation.

The type of engineering property data that should be included in this assessment will depend on
the specific application (e.g., granular base material or aggregate substitute in asphalt concrete)
and the design approach used by the specifying jurisdiction. For example, the engineering
properties of the recycled material itself will determine whether the material will perform in a
granular base application, while the properties of both the material and the blended mix will
determine whether the material will adequately perform as an aggregate substitute material in
asphalt concrete. In addition, each specifying jurisdiction may require specific design and
evaluation criteria. The current use of Superpave mix design methods by some jurisdictions
could negate historical data in which alternative mix design procedures (e.g., Marshall or Hveem
methods) were used. In any engineering property screen the decision maker will ultimately be
responsible for defining the specific property data that will be required for approval.

As part of the evaluation process the decision maker should ensure that not only adequate
engineering property data are available to make an affirmative decision regarding the proposed
application, but that the source(s) of the data (e.g., agency or laboratory conducting the testing)
is reliable, that the sample statistics of the engineering property data provided by the applicant
for the proposed and reference materials are comparable, and that they are within the design
criteria of the specifying jurisdiction. Illustrative examples of methods to statistically evaluate
the engineering property data are presented in Chapter 9.

Historical Field Performance Assessment

The historical engineering and materials property field performance assessment, presented in
Figure 3-1 and Table 3-1, requires that an evaluation be undertaken of the historical field
performance of the reference material. An affirmative answer may be given in this assessment if
there are sufficient historical field performance data available over a period of time that are
adequate to assess the expected life cycle of the application, and if the climatological
environment(s) of the historical record is comparable to the environment of the proposed
application.
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STAGE 1 EVALUATION. Screening

As in all the recommended assessments, the source of the data should be evaluated to determine
that reported field testing and evaluations were undertaken by reputable organizations. It is also
recommended as part of this assessment that the decision maker seek first-hand knowledge and
advice from previous users of the proposed material in the intended application to confirm the
findings and conclusions provided in written historical documentation. Direct contacts can be
invaluable in providing specific information concerning the material and its proposed
application. Data obtained in such a manner can yield information that may not be readily
evident from a review of published reports.

Establish Performance Criteria

- During the development of the screening plan, the decision maker will need to determine the

criteria upon which an approval will be based. In this task, the decision maker may have a
number of options. For example, where available, ASTM or AASHTO specifications or criteria
imposed by local jurisdictions [e.g., State departments of transportation (DOTs)] can be used as
performance criteria. In cases where no definitive criteria exist, the decision maker can compare
the proposed material test results to that of a reference material (e.g., conventional construction
material) to assess the relative properties of the proposed material versus that of a conventional
material.

When evaluating new materials in highway construction applications, the passing or failing of
one engineering or materials property test may not warrant a rejection of the material,
particularly if performance testing suggests that the final product (e.g., an asphalt pavement) will
perform satisfactorily. When a questionable situation arises, the decision maker can ultimately
revert to Stage 2 laboratory evaluation to resolve uncertainties identified at the screening stage.

ENVIRONMENTAL, HEALTH, AND SAFETY

To undertake a Stage 1 environmental, health, and safety screening procedure, it is
recommended that (1) a comparative source assessment be undertaken, which includes an
analysis of the production or generation processes of the proposed and reference materials to
verify that they originate from the same type of source, (2} a comparative materials properties
assessment be undertaken, which includes an evaluation to determine whether the properties of

- the proposed and reference materials are sufficiently similar, and (3) a historical field

performance assessment be undertaken, which includes a determination from historical records
that the material will perform satisfactorily in the proposed application.

Figure 3-2 provides a flowchart highlighting the three steps in the environmental, health, and
safety screen. Included in Figure 3-2 is reference to Table 3-2, which provides additional
guidance in evaluating the material source, environmental, health, and safety properties, and
field performance history during a Stage 1 screen.
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Materials Source Assessment

The materials source screening test method presented in Figure 3-2 and Table 3-2 is similar to
the materials source screening test method presented for the engineering materials source screen
in Figure 3-1 and Table 3-1. It requires that sufficient information be presented by the applicant
to permit the decision maker to determine that the proposed material is or will be generated and
processed in a manner similar to the historical reference material or to the process stream, and
that changes in the production, generation, or post-production operations will not impact the
quality of the proposed material with respect to the intended application.

If the quality of the feedstock material in any commercial or industrial operation is altered, one

- can expect some modification in the quality of the recycled material generated or produced in the
process. For example, if the feedstock material for wood chips used in a soil cover or erosion
control application is switched from a tree service supplier that provides clean chips to a supply
from a pallet recycling facility that processes industrial pallets, the environmental quality of the
chips can be expected to change.

Many commiercial and industrial operations periodically alter their production processes. Such
modifications could impact the recycled material quality. For example, an increase or decrease e
in the level of fluxing agent in a steel mill, or the introduction of a new binder used in a foundry
casting operation, or changes in the level of scrubber reagents used in an air pollution control
system of a fuel combustion process can all be expected to impact the quantity and, in some
cases, the environmental quality of the by-product material generated.

After recycled materials are generated or produced, they may be subjected to processing (e.g.,
crushing and screening), conditioning (e.g., moisture or chemical addition), or storage (e.g.,
shori- and long-term) that could impact the physical and chemical characteristics of the material,
The decision maker should request from the applicant sufficient data to characterize the expected
variability in the feedstock materials and production and post-production operations, and the
resultant impact of the respective variability in the recycled material quality. If the data are
insufficient, the decision maker may request that a quality control program be implemented to
ensure that the final recycled material quality is not significantly impacted by the referenced
variations. Illustrative examples of statistical methods that can be used as a guide for such an
assessment are outlined in Chapter 9.

Environmental, Health, and Safety Properties Data

The comparative environmental, health, and safety properties assessment, presented in Figure 3-

2 and Table 3-2, requires that the applicant provide sufficient data to the decision maker to

demonstrate that the proposed and reference materials exhibit comparable environmental

properties and conform to specifications established by the State or local government. If

proposed material data are unavailable (i.e., in a case where the by-product material has not yet =
been produced), the decision maker must be satisfied that both the proposed and reference

3-6
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Materials Source
Assessment
(See Table 3-2)

l

Environmental, Health,
and Safety
Properties Assessment
{See Table 3-2)

l

Prior Environmental Field
Performance Assessment
{See Table 3-2)

Are Proposed . Are Reliable
and Reference Materials .
.. Data Available ?
Strntlar ?
'Are Are the Data
Generation Processes Statistically Similar ?
Simuilar ?
. Do the Data Comply
Are Post-Production With Appropriate Standards ?

Operations Similar ?

l

Is There a Complete
and Reliable
Historical Record ?

l

Are There Personal
Contacts ?

l

Any
Specific Problems ?

If the proposed and reference
materials are generated
from dissimilar sources, a
Stage 1 approval will be unlikely

If the proposed and reference
materials are statistically
similar and comply with

standards, a Stage 1 approval is
possible

If the historical performance
data indicate satisfactory
performance, then a
Stage 1 approval is possible

Figure 3-2. Stage 1 environmental, health, and safety properties screening flowchart.
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materials will exhibit the same properties based solely on the presentation of information
provided in the materials source assessment.

Historical Environmental, Health, and Safety Field Performance Data

As part of the evaluation process, the decision maker should ensure that adequate environmental
property data are available to make an affirmative decision regarding the proposed application,



Table 3-2.

Stage 1 environmental, health, and safety screening checklist.

Parameter Test Method Evaluation Criteria'
Material Source | Determine whether the 1. Will the quality of feedstock materials to be used in the production or generation of the Y[J NI U
proposed material is - proposed material be sufficiently similar to that used to produce or generate the
generated from the same reference material so that the environmental properties of the proposed material will
process or operation as not be significantly impacted and wili still be comparable to the reference material?
the reference material.
2. Will the operating conditions associated with the production or generation of the YO NO.uO
proposed material be sufficiently similar to that of the reference material so that the
environmental properties of the proposed material will not be significantly impacted
and will still be comparable to the reference material?
3. Will the post-production operations (e.g., material processing, handling, and storage) YO NO uld
associated with the production or generation of the proposed material be sufficiently
similar to the reference material so that the environmental properties of the proposed
material will not be significantly impacted and will still be comparable to the reference
material?
Environmental | Assess whether thereare | 1.  Are appropriate environmental property data available for both the proposed and YO NO Ul
Properties sufficient data to reference materials, and are the data reliable?
compare the
environmental 2. Can it be determined that the proposed and reference materials have statistically YOI NO vO
properties of the similar environmental properties that are in conformance with the specifications of the
proposed material and proposed application, and are they comparable?
reference material, and
whether the respective
properties are
sufficiently similar to
approve the proposed
material for use.
3-8




syl

g
~ i
g misd

Table 3-2. Stage 1 environmental, health, and safety screening checklist (continued).

st

Parameter Test Method Evaluation Criteria'
Field Determine whether the Is there a sufficient and reliable historical performance record available? - YO NO ud
Performance reported historical data
provided give Are there personal contacts (regulators or scientists with experience) available with YO NI Ul
reasonable assurance whom to review the results of the historical performance data, and have the above-
that the proposed referenced contacts provided positive feedback regarding the application?
material will provide
satisfactory performance Were there any specific problems or difficulties reported, and were the reported YO NO Ut
in the intended problems satisfactorily addressed in previous investigations to warrant a Stage 1
application. approval?

1. Y = Yes, N = No, U = Unknown
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STAGE 1 EVALUATION Screening

that the sample statistics of the environmental property data provided by the applicant for the
proposed and reference materials are comparable, and that they are within the design criteria of
the specifying jurisdiction. Illustrative examples of statistical methods used to compare historical
data to standards or the performance of reference materials is given in Chapter 9.

The historical environmental, health, and safety field performance assessment, presented in
Figure 3-2 and Table 3-2, requires that an evaluation be undertaken of the field performance of
the reference material. An affirmative answer may be given in this assessment if there are
sufficient historical field performance data available, over a period of time that is adequate to
assess the expected life cycle of the application, and if the climatological environment(s) of the
historical record is comparable to the environment of the proposed application. As in all the

recommended assessments, the source of the data should be evaluated to determine that reported
field testing and evaluations were undertaken by reputable organizations and that appropriate
quality assurance and control procedures were used in the data collection process. It is also
recommended as part of this assessment that the decision maker seek first-hand knowledge and
advice from previous users and regulators in other States of the proposed material in the intended
application to confirm the findings and conclusions provided in written historical documentation.
Direct contacts can be invaluable in providing specific information concerning the material and
its proposed application. Data obtained in such a manner can yield information that may not be
readily evident from a review of published reports.

Establish Performance Criteria

During the development of the screening plan, the decision maker will need to determine the
criteria on which approval will be based. The selection of appropriate criteria can be based on
existing environmental, health, and safety criteria that can be used as yardsticks. These may
include clean soil criteria, which are used as guidelines for contaminated site remediation,
ground water standards, surface water standards, and indoor or work place air quality standards
or standards developed by States as part of their beneficial use determination (BUD) process.

The values in these criteria or standards have been established by Federal and State agencies to
minimize likely impacts to receptors on the basis of ingestion, inhalation, or dermal exposure.
Inherent here is the assumption that the exposure scenarios anticipated during the design life of
the application and during subsequent reuses is similar to those used to articulate the above risk-
based standards. The relevance of this assumption should be assessed in each instance, since the
suitability of the reference criteria are critical to a good evaluation.

Suitable reference materials (e.g., traditional construction materials) can be used as controls to
compare the environmental performance of the proposed material and a reference material or
series of reference materials. Inherent here is the assumption that these reference materials are
acceptable from an environmental and health risk perspective.

Chapter 10 provides a listing and description of available web sites (as of this writing) that can
be used to access information on assessment methods and criteria that can be used in a Stage 1
evaluation.
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RECYCLING

-Since the current trend in managing recycled materials generated during the demolition of

existing pavements is to reclaim and recycle as much material as possible, it is important to
assess whether the introduction of new materials into roadway structures could adversely impact
the potential for recycling the pavement (containing the recycled material) in a secondary (post-
service life) application. In a Stage 1 recycling screen, it is recommended that both the applicant
and the decision maker consider the potential impact that using the proposed material might have
on their subsequent reuses.

It is recommended that the applicant and decision maker proceed with such an evaluation by (1)
1identifying the most likely subsequent use or uses of the product, (2) evaluating the impact of the
proposed material on the engineering and materials properties of the secondary product, and (3)
evaluating the impact of the proposed material on the environmental, health, and safety
properties of the secondary product.

Figure 3-3 provides a flowchart highlighting the three steps in a recyclability evaluation.
Included in Figure 3-3 is reference to Table 3-3, which provides additional guidance on
evaluating the engineering, environmental, and worker health and safety issues during the Stage
1 screen.

Identify Likely Subsequent Reuses

When roadway construction materials are recycled, they are generally recycled into products that
will take maximum advantage of the inherent economic value of the properties of the original
product. For example, since recycled asphalt pavements (RAP) contain high-quality aggregates
as well as asphalt cement, it is more desirable to use RAP in new pavements where the value of
high-quality aggregate and the asphalt cement may be taken advantage of, as opposed to utilizing
the RAP as a granular base material, where lower-quality aggregates and aggregates without
asphalt cement might suffice. Previous studies by the FHWA have identified a hierarchy of
roadway material uses that identify potential secondary product applications (User Guidelines
for Waste and By-Product Materials in Pavement Construction, FHWA-RD-97-148, 1998). This
hierarchy can be used in a Stage 1 screen to identify potential post-service life applications for
various highway construction materials. Table 3-4 presents a listing of these roadway material
uses highlighting the original or initial applications and potential subsequent applications.

To identify potential subsequent applications, the applicant or decision maker enters the table on
the left with the initial application and follows the row to the right of the initial application to
select all potential secondary or post-service life applications. For example, a recycled hot mix
asphalt concrete pavement could potentially be used in a cold mix, seal coat or surface treatment,
as a stabilized base, granular base or embankment or fill material (some jurisdictions may
prevent its use in an embankment or fill because of the presence of asphalt cement in the

3-11



STAGE 1 EVALUATION Screening

Evaluate
Evaluate Evaluate Worker Health
Engineering Properties Environmental Properties And Safety Properties
for Subsequent for Subsequent for Subsequent
Utilization Scenario Utilization Scenario Utilization Scenario
(See Table 3-3) (See Table 3-3) (See Table 3-3)
Potential Concerns ?
L Not
Significant Significant
Significant concerns would likely Nonsignificant concerns e
lead to Stage 2 or Stage 3 could -
evaluations lead to a Stage 1 approval

Figure 3-3. Recycling screening flowchart.

recycled hot mix). A recycled portland cement concrete pavement could be used in new portland
cement concrete pavements, as a flowable fill aggregate, in a stabilized base or granular base, or

as an embankment or fill material (recycled portland cement concrete pavements have also been
sparingly used in asphalt pavement construction). A granular base or subbase aggregate material
can be utilized as a flowable fill aggregate, a stabilized or granular base, or as an embankment or
fill material.

Impact on Engineering and Materials Properties

Because of the hierarchy of uses in which materials are generally categorized, in most cases

materials that have been used in an initial application will be suitable for use in a secondary

application that requires lower quality materials. There can be instances, however, in which

degradation of the proposed material during its service life or post-service life processing might

alter the engineering properties of the original material and as a result compromise its use in a

secondary application. This can occur in particle strength (blast furnace slag, municipal waste

combustor ash) might degrade during its service life or post-service life processing, resulting in

secondary products with higher fines content than anticipated; or when combustible products

(rubber, carpet fiber) are introduced into products that may require high temperature secondary Sl
processing operations (asphalt plant drying). /'
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Table 3-3. Stage 1 recycling screening checklist.

2

otampabi

Parameter Test Method Evaluation Criteria
Engineering If the proposed material is incorporated into Could the proposed material adversely impact the Y N U
Acceptability the engineered product, could it significantly production process during a post-service life application? o oo
impact the engineering quality of the product if
used in a secondary application at the Could the proposed material properties be altered during
completion of its useful service life? either its service life or post-service life processing to such Y N U
an extent that it could significantly impact the properties o o g
of the secondary material?
Environmental If the proposed material is incorporated into Could the proposed material adversely impact the Y N U
Acceptability the engineered product, could it significantly environment (air, water, or soil quality) during post- d O Qa
impact the environmental guality of the service life processing if introduced into a secondary
product if used in a secondary application at application?
the completion of its useful service life?
Could the proposed material adversely impact the Y N U
environment (air, water, or soil quality) during its post- { 0o
service life use if introduced into a secondary application?
Could the proposed material adversely impact the Y N U
environment (air, water, or soil quality) if disposed of as o 0O og
construction and demolition debris after its initial service
life?
Worker Health and If the proposed material is incorporated into Could harmful fugitive dust or volatile gaseous emissions Y N U
Safety Acceptability the engineered product, could it significantly resulting from the use of the propesed material impact O oo
impact the worker health and safety properties worker health or safety during post-service life processing
of the product if used in a secondary or construction activities?
application at the completion of its useful
service life? Could the use of the proposed material create a hazard to
the physical safety of workers during post-service life Y N U
processing or construction activities? o oo

1. Y = Yes, N = No, U = Unknown
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Table 3-4. Recycled material recycling matrix.

Potential Subsequent Reuse Application’

Initial Application'

Hot Mix
Asphalt
Aggregate

Cold Mix
Asphalt
Aggregate

Seal Coat
or Surface
Treatment
Aggregate

Asphait
Cement
Moedifier

Minersl
Filler

Poriland
Cement
Concrete
Aggregate

Portland
Cement
Concrete
Mineral
Admixture

Flowable
Fill
Aggregate

Flowable
Fill
Pozzolan
or
Initiator

Stabilized
Base or
Subbase

Aggregate

Stabilized
Base
Pozzolan,
Initiator
or
Additive

Granular
Base or
Subbase

Aggregate

Embank-
ment or
Engineered
Fill

ASPHALT PAVING

Hot Mix Asphalt Aggregate

Cold Mix Asphalt Aggregate

Seal Coat or Surface
Treatment Aggregate

Asphalt Cement Modifier

Mineral Filler

PORTLAND CEMENT CONCRETE

Portland Cement Concrete
Aggregate

Portland Cement Concrete
Mineral Admixture

FLOWABLE FILL

Flowable Fill Aggregate

Flowable Fill Pozzolan or
Initiator

STABILIZED BASE

Stabilized Base or Subbase
Aggregate

Stabilized Base Pozzolan,
Initiator or Additive

UNBOUND AGGREGATE

AND FILL

Granular Base or Subbase
Aggregate

Embankment or Engineered
Fill

1. Represents original proposed material application.
2. Represents potential secondary uses of the excess material afier the original service life. (Dots identify potential secondary application.)

' :
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STAGE 1 EVALUATION Screening

Impact on Environmental, Health, and Safety Properties

From an environmental health and safety perspective, when recycled materials are incorporated
into construction materials, the encapsulating effect of the engineered product is sometimes used
to justify the material application (leaching and dust emission problems can be mitigated by such
encapsulation). Post-service life processing that can alter the structural integrity of the original
product could modify the encapsulating properties of the original product, introducing new
environmental exposure pathways. This is particularly noteworthy in applications where the
original material was used as part of a bound (concrete) product, but will be used as an unbound
product (granular fill material) in a post-service life application.

. Additionally, introducing materials with potentially harmful chemical or physical properties into

an engineered product could result in potential safety problems to workers who must handle the
material during post-service life recycling or construction operations. Fugitive dust, volatile
emissions, or contact with chemically or physically abrasive materials are some of the concerns
that should be considered.

IMPLEMENTATION

While some recycling strategies may appear to be technically and economically sound, the
degree of difficulty that may be encountered in actually implementing the proposed recycling
strategy can exceed that which either the applicant or the decision maker may have anticipated.
It is therefore recommended that an applicant and decision maker consider, in a Stage 1 screen,
the degree of difficulty that might be involved in implementing the proposed strategy. This
evaluation procedure is not intended to establish a clear approval or rejection rating, It is
primarily intended to increase the awareness of both the applicant and decision maker to some of
the potential constraints that may be encountered while seeking to commercialize the proposed
recycling strategy.

To undertake a Stage 1 implementation screen an evaluation is needed to assess the institutional,
political, and public acceptability of the proposed option.

It is recommended that the applicant and decision maker undertake such an evaluation by (1)
assessing the degree of difficulty required to gain final acceptance of the material and its
proposed application by the technical community, (2) assessing the degree of positive support
that one might expect from public officials, and (3) assessing the degree to which the public will
look favorably or unfavorably on the proposed application. Figure 3-4 provides a flowchart
highlighting the three steps in the Stage 1 implementation screen. Included in Figure 3-4 is
reference to Table 3-5, which provides additional guidance in evaluating the institutional,
political, and public acceptability issues.
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Evaluate Institutional Evaluate Political Evaluate Public
Acceptability Acceptability Acceptability
(See Table 3-5) (See Table 3-5) (See Table 3-5)

Implementation Difficuities ?

High Low

Proceed With Caution Proceed

Figure 3-4. Stage 1 implementation screening flowchart.

Institutional Acceptability

Institutional acceptability is a factor intended to account for the degree of technical difficulty
that might be encountered while attempting to move a new material application into a
commercial application. The evaluation criteria are presenied in Table 3-5 in the form of a
checklist that includes four issues. Each of the four issues can be given a high, medium, or low
rating.

The first issue listed requires that the evaluator rate the degree of difficulty that will be
encountered in seeking to incorporate the proposed material into local construction specifications
as an alternate material for use. This will require an assessment of the data needs and steps
required to modify these specifications. A high rating for this issue would suggest that a greater
degree of difficulty is required than a medium or low rating.

The second issue requires the evaluator to rate the degree of difficulty that will be encountered in
seeking to gain environmental approvals (relevant beneficial use permits) for the proposed
application. A high rating would suggest a greater degree of difficulty than a medium or low
rating.

The third issue requires the evaluator to rate the degree to which engineers might be willing (or
reluctant) to specify the material in the proposed application. A material for which there is some
uncertainty regarding engineering or environmental performance can be expected to have less
favor with most engineers. A high rating would suggest greater reluctance by engineers to
specify the material than a medium or lower rating.

3-16
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Table 3-5. Stage 1 implementation screening checklist.

st

Parameter Test Method Evaluation Criteria'

Institutional Consider the probability that the Rate the degree of difficulty that can be anticipated in H M L

Acceptability regulatory community will approve and obtaining approval to incorporate the material- O O O
the technical community will accept and application match into existing construction
utilize the material in the proposed specifications. )
application. ,

Rate the degree of difficulty that can be anticipated H M L
prior to the receipt of environmental approvals from O ] O
regulatory agencies.

Rate the degree of reluctance that engineers might H M L
have in specifying the material in the proposed 0 O O
application.

Rate the degree of reluctance that contractors might H M L
have in utilizing the material in the proposed O [ N
applications.

Political Acceptability | Consider the degree to which public Rate the degree to which political opposition could H M L
officials will support or impede the impede the application. [ M O
proposed application.

Public Acceptability Assess the degree to which the public Rate the degree to which the public opposition due to H M L
will accept the proposed material- perceived environmental, health, safety, or economic N O O

application strategy.

impacts could impede the application.

1. H=High, M = Medium, L = Low
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STAGE 1 EVALUATION Screening

The fourth issue is intended to focus the evaluator on the degree to which contractors might be
willing to use the material. Materials that require new construction or quality control procedures
are likely to be less desirable to contractors. A high rating would represent greater reluctance by
the contractor than a medium or lower rating.

Political Acceptability

Political acceptability is a factor intended to account for the expected level of support that one
might receive from public officials for the proposed material-application use. The primary issue
in such an evaluation is the significance or impact that the proposed application might have in
solving a high-profile material management problem. Positive political support can also be
~expected to facilitate institutional constraints that relate to regulatory and permit approvals.

The evaluation criteria are presented in Table 3-5 in the form of a checklist that includes one

issue: To what degree is political opposition anticipated? If the proposed material can provide

relief for a high-profile material management problem in a cost-effective, environmentally

beneficial or neutral manner, then it is likely that support from public officials will be

forthcoming. On the other hand, if the application is a low-profile issue, with little impact on the

voting community, it is unlikely that significant public support will be forthcoming. This issue

can be given a high, medium, or low rating, where a high rating represents a greater degree of e
political opposition than a medium or low rating. '

Public Acceptability

Public acceptability is a factor intended to address the real or perceived reaction that the public
may have to the proposed recycling strategy. Adverse public reaction to a proposed material-
application strategy can be expected, in most cases, to erode political and institutional support.

The evaluation criteria are presented in Table 3-5 in the form of a checklist that includes one
issue: To what degree will the public oppose the project based on perceived environmental,
health, safety, or economic impacts? This issue can be given a high, medium, or low rating. A
high rating represents a greater degree of public opposition than a medium or low rating.

ECONOMIC

In a Stage 1 economic screen, the applicant should provide sufficient economic data to
demonstrate to the decision maker that the proposed material can be utilized in a cost-effective
manner and that the cost is competitive relative to conventional materials. The level of detail
associated with an economic screen need only be of a general nature. The purpose is to
eliminate or discourage applications in which the cost of utilizing the proposed material is
significantly higher than that of conventional materials, without any apparent benefit.

It is recommended that the applicant and decision maker undertake such an evaluation by
considering (1) the price that the contractor would pay to have the material delivered to the job
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STAGE 1 EVALUATION Screening

site, (2) the material cost plus the cost of design and construction (including quality control), and
(3) the annual cost of the installed product over the life of the product (including maintenance).

The material cost of the recycled material is the delivered price of the material toa the job site.
To determine which of the above cost items will be of most use in examining the economic
viability of a proposed recycling strategy, the decision maker should consider three potential
scenarios: (1) if the installation cost and expected performance of the proposed material is
equivalent to that of a conventional material, then the decision maker need only compare the
material cost of the proposed versus that of conventional materials; (2) if the new material is
used in an application where additional design, construction, and quality control procedures are
warranted, then the decision maker should compare the installation cost associated with the

. proposed material with the installation cost associated with the use of conventional materials;

and (3) if introducing the proposed material into the application alters anticipated maintenance
cost or the expected service life of the product, then the decision maker should compare the life-
cycle cost of the application when the proposed material is used with the life-cycle cost when
conventional materials are used.

Figure 3-5 provides a flowchart highlighting these evaluation steps. Included in Figure 3-5 is
reference to Table 3-6 where the three costs outlined above are presented as equations that can
be used to calculate each respective cost and as evaluation criteria to assess whether the
proposed material will be more or less costly than conventional materials.

Material Cost
The material cost of the recycled material is the delivered price of the material to the job site.

The material cost evaluation criteria are presented in Table 3-6 in the form of an inequality. The
proposed material cost is compared with the known cost of a conventional material. If the
proposed material cost is less than or equal to the delivered price of conventional materials, then
the economic screen would yield a positive result.

Installation Cost

The installation cost when using a new material can be calculated by adding the material cost to
the design and construction costs, as well as any special testing and inspection requirements,

The installation cost evaluation criteria are presented in Table 3-6 in the form of an inequality,
The proposed material installation cost is compared with the installation cost that would be
incurred if a conventional material was used. If the proposed material installation cost is less
than or equal to the installation cost that would be incurred when using conventional materials,
then the economic screen would yield a positive result.
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STAGE 2 EVALUATION Engineering Lab Tests

INTRODUCTION

In a Stage 2 engineering and materials properties evaluation, a laboratory testing program must
be developed that will provide sufficient data to demonstrate that the proposed material is
suitable for use in the proposed application.

To undertake this Stage 2 evaluation, it is recommended that (1) an engineering test plan be
prepared that delineates the samples to be tested and the tests to which the sample will be
subjected, (2) acceptable engineering and materials specifications or performance criteria be
established so that the decision-making process can be completed, and (3) the data be
statistically evaluated to determine if specifications are met or if performance is similar to

" appropriate reference materials.

Figure 4-1 provides a flowchart highlighting the sequential steps in an engineering and materials
properties Stage 2 evaluation. Included in Figure 4-1 is reference to Tables 4-1 through 4-12.
These tables provide a listing of engineering and materials properties test methods for most of
the applications that will be encountered in the highway environment (see List of Tables at the
front of this report for all table titles and applications). Tables 4-1 through 4-12 contain three
columns: (1) a comment column that provides a description of the purpose of the test and when
the test should be used, (2) a criteria column that provides a description of available or suggested
test criteria, and (3) a description and reference for potential test methods that could be used.

Included in the tables are both material testing recommendations and product testing
recommendations. For example, Table 4-1 provides a listing of recommended tests to evaluate
the quality of a new material proposed for use as an aggregate substitute in asphalt concrete
paving mixtures. Table 4-3 provides a listing of recommended tests to evaluate the performance
of the asphalt concrete product, which can include the proposed material blended with
conventional materials and asphalt cement.

Inherent in the use of this detailed flowchart is that laboratory testing requires assessment of the
engineering and materials performance of the proposed material as well as the engineering and
materials performance of the product or the application it will be used in. Finally, it is important
to consider engineering and materials performance in potential post-service life utilization
scenarios. While these reuse scenarios cannot be precisely described, it is important to identify to
the extent possible future engineering issues that may arise if the recycled material is reused.
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STAGE 2 EVALUATION

Engineering Lab Tests

Design test plan that
delineates sampling and
testing requirements

v

Establish performance
criteria for decision making

Evaluate Data
Are the materials Are the materials Are the materials
and engineering and engineering and engineering
properties of the properties of the properties of the
proposed material proposed product proposed product
gimilar to containing the containing the
reference recycled material recycled Yes
materials similar to material in ' l
or appropriate reference subsequent
standards? materials reuses similar to
(See Tables 4-1 to or appropriate reference
4-12) standards? materials
(See Tables 4-1 to or appropriate
4-12) standards?
(See Tables 4-1 to
4-12)
No

Stage 3 Testing
(See Chapters 6 & 7)

4-2

Materials
Approval

Figure 4-1. Engineering and materials properties laboratory testing flowchart.
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STAGE 2 EVALUATION Engineering Lab Tests

LABORATORY ENGINEERING AND MATERIALS PROPERTIES TEST
PLAN '

The engineering and materials properties laboratory test plan should contain all appropriate test
methods and procedures, including suitable reference materials to be used, criteria to be
compared with, and statistical procedures to be used to compare the laboratory data with criteria
or with the performance of the reference material.

Some recycled materials that may be proposed for use in a given application may have unique
properties that do not readily lend the materials for testing as prescribed in the proposed test
methods. For example, an applicant wishing to use scrap tire as an embankment material will

" have difficulty applying the test methods listed in Table 4-7 because of the relatively large size

of the tire chips (25 to 75 mm), which cannot fit into the testing molds. Examples of properties
and corresponding tests that are unsuitable include permeability (AASHTO T215 or ASTM
D5084), compressibility (AASHTO T216 or ASTM D4186), bearing capacity (AASHTO T193),
and shear strength (ASTM D2850, ASTM D3080, and ASTM D4767). In such cases alternative
methods may be needed or design conditions will have to be based on field experience and
construction specifications and not lab testing.

In other cases, not all of the engineering and materials properties and corresponding test methods
will need to be evaluated for all proposed materials. For example, if it is known that a non-
plastic material such as waste glass or blast furnace slag is being proposed for use as an
aggregate or filler substitute in a stabilized base application (see Table 4-9), then Atterberg Limit
testing to determine the plasticity of the material would be unnecessary.

In some instances additional tests not listed in the table may be warranted. For example, when
reclaimed concrete material is used as a granular base it could have a tendency to clog down-
gradient drainage systems containing geotextiles (sometimes wrapped around piping) because of
the formation of calcium carbonate deposits (referred to as tufa deposits). In such instances
some additional testing may be warranted to ensure that this deposition does not occur.

In summary, Tables 4-1 through 4-12 provide recommended guidance that the decision maker
may be required to modify as needed for the particular material under consideration.

ESTABLISH ACCEPTABLE CRITERIA

During the development of the test plan, the decision maker will need to determine the criteria
on which an approval will be based. Two approaches for evaluating the material properties are
available. The first includes the use of ASTM or AASHTO specifications imposed by local
jurisdictions (e.g., State DOTs), and the second, which is most applicable when such criteria are
nonexistent, is the use of a reference material (e.g., conventional construction material) to assess
the relative engineering properties of the proposed material versus that of the reference material.
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STAGE 2 EVALUATION Engineering Lab Tests

Tables 4-1 through 4-12 provide a description of available criteria or recommendations on which
the decision maker can make an evaluation. '

When testing new materials in highway construction applications, the passing or failing of one
engineering property test may not warrant a rejection of the material, particularly if performance
testing suggests that the final product (e.g., an asphalt pavement) will perform satisfactorily.
There may be instances where the proposed material yields poor particle strength results, but in a
blended matrix product the material performs in an acceptable manner. When a questionable
situation arises, the decision maker can ultimately revert to Stage 3 field evaluations to resolve
laboratory uncertainties.

EVALUATE LABORATORY DATA FOR POSSIBLE APPROVAL

As illustrated in Figure 4-1, data comparisons between the recycled material and reference
materials, or between recycled materials and appropriate ASTM, AASHTO, or State DOT
standards will be required to evaluate the suitability of the application. Such comparative
analyses are best undertaken using standard statistical procedures. Examples of such statistical
procedures are presented in Chapter 9. T,



Table 4-1. Stage 2 laboratory testing recommendations for
aggregate substitutes in asphalt concrete.
Engincering Comment Criteria Test Method
Property
Deleterious Potentially deleterious materials, such as There are no ASTM or AASHTO specification |Sand Equivalent, ASTM D2419
Materials organic matter, clays, debris, etc., could affect |limits for the sand equivalent test (ASTM
the strength and durability of an asphait D2419). A typical value of 45 to 50 is used for |Petrographic Examination of Aggregates
pavement. Such materials can be identified hot mix fine aggregate. for Concrete, ASTM C295
using a number of test procedures. Two such
tests are the sand equivalent test method and  |ASTM C295 has no formal specification
petrographic examination. requirements and is used as an indicator to
screen for problematic constituents.
The sand equivalent test method is a
Superpave recommended test method to assess
the clay content of fine aggregates. For new
materials that do not contain plastic fines, the
test method is not applicable. A visual
petrographic examination is recommended to
identify whether the material is of uniform
uality.
Durability Two types of tests are commonly used to Soundness tests are required as part of most Magnesium or Sodium Sulfate Soundness,

evaluate the durability of a material. They are
soundness tests and freeze-thaw tests.
Soundness tests provide a measure of the
susceptibility of the material to breakdown
resulting from wetting and drying cycles.
Freeze-thaw tests measure the susceptibility of
the material to breakdown from freezing and
thawing cycles.

jurisdictional specification requirements.
ASTM D692 provides for an 18 percent
maximum for magnesium sulfate soundness,
and a 12 percent maximum for sodium sulfate
soundness for coarse aggregates. ASTM
D1073 Supplementary Requirement provides
fora 20 percent maximum for magnesium
sulfate soundness, and a 15 percent maximum
for sodium sulfate soundness for fine

aggregates.

There are no ASTM or AASHTO specification
requirements for freeze-thaw soundness. A
maximum loss of 6 percent is generally
considered to be appropriate for surface course

hot mix asphalt coarse aggregate.

ASTM CB8, AASHTC T104

Freeze-Thaw Soundness, AASHTO T103
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Table 4-1. Stage 2 laboratory testing recommendations for
aggregate substitutes in asphalt concrete (continued).

Engineering Comment Criteria Test Method
Property
Gradation Sieve testing is necessary to establish blending | Specific gradation limits will vary from agency |Sieve Analysis, ASTM C136, AASHTO
requirements to meet the mix gradation to agency, and for the intended use (e.g., binder | T27
specifications. course, surface or wearing course, friction
course). Coarse aggregate grading limits are
generally based on ASTM D448, AASHTO
M43, and fine aggregate grading limits are
based on ASTM D1073, AASHTO M29.
Particle Shape  jParticle shape and surface texture tests are There are no ASTM or AASHTO specification |[Flat and Elongated Particles, ASTM
and Surface important to establish whether the stability of |requirements for flat and elongated particles D4791
Texture the interlocking particle matrix can be (ASTM D4791). The maximum percentage of

expected to perform as quality aggregate
material. Angular or cubical particies can be
expected to yield favorable results while
rounded particle shapes tend to be
unsatisfactory. Three tests are available, which
can be used to quantify particle shape and
surface texture. These tests which are part of
the Superpave mix design procedures include
flat and elongated particle, uncompacted void
content, and crushed fragment tests. The
test(s) selected will depend on the
requirements of the specifying agency.

flat and elongated particles in coarse aggregate
recommended by Superpave depends on the
density of traffic but cannot exceed 10 percent
for roadways with annual equivalent single axle
loads greater than 3 million.

The uncompacted voids content of fine
aggregate (AASHTO TP33) has a minimum
specification value of 45 percent, with no
specified maximum value. Some States have
suggested adopting a maximum value of 52
percent to effectively limit the amount of flat
and elongated particles in fine aggregate.

The crushed fragment test (Penn DOT Method
621) has required minimum values for coarse
aggregate angularity as a function of traffic
level and position within the pavement.

Uncompacted Void Content of Fine
Aggregate, ASTM C1252, AASHTO TP33

Crushed Fragments in Gravel {(Coarse
Aggregate Angularity), Penn DOT Method
621
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Table 4-1. Stage 2 laboratory testing recommendations for
aggregate substitutes in asphalt concrete (continued).

Engineering

Comment Criteria Test Method
Property
Particle Strength |Particle strength can be assessed by LA ASTM D692 provides for a 40 percent LA Abrasion, Small Size Aggregate,
abrasion testing, which is presently the maximum abrasion loss for surface course, and [ASTM C131, AASHTO T96
standard test used by most specifying agencies |a 50 percent maximum loss for binder course
in the United States. Glassy or light-weight when subjecting aggregate to the ASTM C131 |Resistance of Coarse Aggregate to
porous materials tend to perform poorly when [test procedure. Abrasion in the MicroDeval Apparatus,
subjected to this test method, yet they may MTOLS 618
perform satisfactorily when used in field There are no ASTM or AASHTO specification '
applications. requirements for MicroDeval testing. Recent |Resistance of Fine Aggregate to Abrasion
work by the Transportation Research Board in the MicroDeval Apparatus, MTO LS
The MicroDeval test is a test method (NCHRP 4-19) indicates that a maximum value |619
developed in France during the 1960s and has |of 18 percent is appropriate for surface course
been adopted by the Ministry of coarse aggregate, and 21 percent for binder
Transportation in Ontario, Canada (MTQ). It jcourse coarse aggregate.
is under evaluation in the United States as an
alternative method to the LA Abrasion test. There are no ASTM or AASHTO specification
Recent evaluation of this test method has been |requirements for MicroDeval testing. Recent
undertaken by the Transportation Research work by the Transportation Research Board
Board (Project NCHRP 4-19). MicroDeval |(NCHRP 4-19) indicates that a maximum value
testing may be a more suitable test method of 25 percent is appropriate for hot mix fine
than the LA abrasion test and can be used for |aggregate.
evaluating fine aggregate particle strength
down to 75 microns in size.
Specific Gravity |Mix design procedures require that specific There are no specific ASTM or AASHTO Coarse Aggregate, ASTM C127, AASHTO
and Absorption | gravity be tested for aggregates used in the specification requirements for specific gravity |T85

blend. Aggregate substitute materials with
high absorption values will have higher
demand for asphalt cement. Highly porous
materials will typically yield high absorptive
values.

and absorption. Aggregates having values
greater than 2 percent are generally considered
to be absorptive.

Fine Aggregate, ASTM C128, AASHTO
T84
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Table 4-1. Stage 2 laboratory testing recommendations for
aggregate substitutes in asphalt concrete (continued).

Engineering Comment Criteria Test Method
Property
Volume Stability |\When a new material is introduced as an At present ASTM D4792 has only been used  |Potential Expansion of Aggregates from
aggregate substitute, there is always some for steel slag aggregates. Expansion limits have|Hydration Reactions, ASTM D4792
concern that the material may contain been established by various States and range
hydratable salts or potentially expansive from 1 to 2 percent.
reactants. ASTM D4792 is a test method that
has been used to assess the dimensional
stability of steel slag. Its use with other
materials has not been fully tested.
4-8
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Table 4-2. Stage 2 laboratory testing recommendations for
mineral filler substitute in asphalt concrete.

Engineering
Property

Comment

Criteria

Test Method

Gradation

To be approved for use as a mineral filler in
asphalt concrete pavement, a mineral filler
substitute should comply with specified
gradation requirements. These gradation
requirements are designed to ensure the major
fraction of the filler will not consist of
particles with sizes greater than the film
thickness of the asphalt (10-100 microns).
The particle size of mineral filler is expected
to conform to the required specifications.

Gradation requirements for mineral filler in
road paving mixtures are defined in ASTM
D242, AASHTO M17.

Sieve Analysis of Mineral Filler for Road
and Paving Mixtures, ASTM D346,
AASHTO T37

Plasticity

Substitute mineral filler material should
exhibit low plasticity characteristics. Plasticity
is typically characterized by Atterberg Limit
Testing.

The Plasticity Index of the mineral filler should
not be greater than 4, in accordance with ASTM
D242, AASHTO M17 specifications.

Liquid Limit, Plastic Limit, and Plasticity
Index of Soils, ASTM D4315




Table 4-3. ‘Stage 2 laboratory testing recommendations for
performance in asphalt concrete.

Performance

Comment Criteria Test Method
Test
Superpave Level |The Superpave mix design procedure contains | The tests listed comprise the individual test Preparation of Compacted Specimens of
1 and Level 2 a series of performance tests, the procedures of|methods that are part of the Superpave Mix Modified and Unmodified Hot Mix
Mix Designs which are outlined in the corresponding test  {Design procedure. The mixture is designed to | Asphalt by Means of the SHRP Gyratory
{Asphalt Institute |methods. Very little experience is available  |meet the requirements for traffic and climate | Compactor, AASHTO TP4
SP-2) using Superpave mix design procedures for  |given in the Strategic Highway Research
nonconventional materials. Program (SHRP) Superpave volumetric design |Short- and Long-Term Aging of
procedure. Bituminous Mixtures, AASHTO PP2
AASHTO TP7 and TP9 are performance Evaluation of Axial and Shear Loading
prediction tests that form part of Superpave Characteristics of Compacted SGC
Level 2 and 3 design procedure. Appropriate |Specimens Using the Superpave Shear
limits are determined using predicted Tester, AASHTO TP7
performance for rutting and fatigue cracking
based on traffic, and Jow temperature cracking |Creep Compliance and Strength at Low
based on years of service. Temperatures Using the Indirect Tensile
Tester, AASHTO TP9
Creep Compliance and Strength at
Intermediate Temperatures Using the
Indirect Tensile Tester, AASHTO TP9
4-10
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Table 4-3. Stage 2 laboratory testing recommendations for

performance in asphalt concrete (continued).

Perf(ri‘rel?tance Comment Criteria Test Method
Marshall and conditioning of mix design specimens, Superpave design procedure as a minimum of
SHRP Procedure {subjecting the specimens to partial vacuum 80 percent. A minimum of 70 percent is

saturation followed by freeze-thaw cycles, and
testing the specimens to evaluate the indirect
tensile strength relative to a control sample.
Glassy materials tend to be sensitive to
moisture damage if introduced into a mix at
high substitution rates (greater than 25 to 50
percent), or if coarse, giassy particles are
introduced intc the mix.

typically used in conventional design
procedures.

i
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Table 4-4. Stage 2 laboratory testing recommendations for
aggregate substitutes in portland cement concrete.

Engineering Comment - Criteria Test Method
Property , » Y
Deleterious Potentially deleterious materials such as There are no ASTM or AASHTO specification |Coarse Aggregate Petrographic
Materials organics, clay particles, friable particles, limits for the petrographic examination test Examination, ASTM €295

plastic fines, debris, etc., could affect the
strength, curing time, weathering resistance,
and volumetric stability of the mix.

A visual petrographic examination is the
simplest method to identify the presence of
potentially deleterious materials inan
unknown material. This procedure is used to
identify potentially deleterious constituents in
the concrete aggregate (potential alkali-
aggregate reactive aggregates and poor quality
rocks and minerals).

Organic impurity testing is specified by many
Jjurisdictions using colorimetric methods;
however, a colorimetric test may not be
suitable for materials that can mask the test
solution color. Organic content testing can
also be undertaken using methods that

|measure loss of weight after subjecting the

sample to combustion temperatures.

Clay lumps and friable particles are
detrimental to concrete mixes and can be
identified using ASTM C142 procedures.

procedures, ASTM C295.

Concrete fine aggregates are specified to be
largely free of organic material, and have a
color of 3 or less in the Standard Color Plate as
per ASTM C33.

There are no specific criteria for organic matter,
which is quantified by loss of weight due to
combustion tests, but it is generally
recommended that the organic content be
limited to less than 5 percent by weight.

AASHTO MBS0 limits the amount of clay lumps
and friable particles in pavements from 3 to. 5
percent depending on the severity of the
exposure conditions.

Organic Impurities, ASTM C40

Moisture, Ash and Organic Matter of Peat
Materials, ASTM D2974

Clay Lumps, ASTM C142
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Table 4-4. Stage 2 laboratory testing recommendations for
aggregate substitutes in portland cement concrete (continued).

Engineering Comment Criteria Test Method
Property
Durability Resistance to wetting and drying (AASHTC  |AASHTO MB80 specifies a maximum , Magnesium or Sodium Sulfate Soundness,
T104) and freezing and thawing (AASHTO | magnesium sulfate soundness loss of 18 percent| ASTM C88, AASHTO T104
T103) is imperative if the aggregate substitute |for concrete coarse aggregate (12 percent for
material is to perform satisfactorily in a sodium sulfate soundness loss). AASHTO M6 |Freeze-Thaw Soundness, AASHTO T103
concrete mix. Soundness tests are required as {limits the sodium suifate soundness loss to 10
part of most jurisdictional specification percent maximum for concrete fine aggregate
requirements. (the limit for fine aggregate magnesium sulfate
soundness loss is to be that which experience
shows corresponds to the 10 percent sodium
sulfate soundness loss, which is typically about
16 percent).
There are no ASTM or AASHTO specification
limits for freeze-thaw soundness in concrete
aggregates. A specification limit for the coarse
aggregate unconfined freeze-thaw loss after 5
cycles of 6 percent is specified by C.S.A.
A23.1, which is a Canadian standard.
Gradation The size distribution of aggregate or aggregate | ASTM C33 provides grading limits generally  |Sieve Analysis, ASTM C136, AASHTO
substitute particles can affect the cementing  |applicable to fine and coarse aggregates used in | T27
material requirements, the water requirements, {portland cement concrete applications.
the workability, porosity, shrinkage, and
durability of a concrete mix.
Particle Shape | The particle shape and surface texture of both |There are no ASTM or AASHTO specification |Flat and Elongated Particles, ASTM
and Surface coarse and fine sized aggregates or aggregate |limits for flat and elongated particles in D4791
Texture substitutes can affect the properties of the mix. |portland cement concrete. The effect of flat and

Flat and elongated particle testing and
uncompacted void content testing are two
methods that can be used to characterize
particle shape.

Rough textured, angular, or elongated particles
require more water to produce workable
concrete when compared with smooth or

elongated particles is typically not significant if
limited to no more than about 15 percent.

This uncompacted void test method is generally
used for concrete fine aggregate. However, the
test provides useful information related to fine .
aggregate shape when a recycled material is
introduced, which is of interest for concrete

Uncompacted Voids Content, ASTM
C1252, AASHTO TP33

Cirggio”
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Table 4-4. Stage 2 Iaboratory testing recommendations for
aggregate substitutes in portland cement concrete (continued).

Engineering

Property Comment Criteria Test Method

Standards CSA A23.1, which limit mortar bar
expansion in ASTM C2Z27 to (.14 percent after
14 days (0.30 percent after 28 days).
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Table 4-5. Stage 2 laboratory testing recommendations for
performance in portiand cement concrete.

Performance Comment Criteria Test Methed
Test
Aijr Content When substitute materials are introduced For air-entrained concrete designed in Determination of Air-Void Content in

into concrete mixes, the air content of the
mix could be altered. Since it is important
for cured concrete to have adequate
entrained air to withstand cycles of freezing
and thawing, air content should be
monitored.

There are three methods available for ‘
quantifying air content. They include the air
voids content method, the pressure method,
and the volumetric method. The air voids
content test is a test method that is

“undertaken on hardened concrete and is

influenced by methods of placement,
consolidation, and curing. The pressure and
volumetric methods are carried out on fresh
plastic concrete. The volumetric method is
suitable for normal or lightweight materials.

accordance with ACI 201.2R and 211.1, the
paste-air ratio is usually in the range of 4 to
11, the specific surface is in the range of 24 to
43, and the spacing factor is 0.10 to 0.20 mm.

The recommended total air content of air-
entrained concrete is a function of the
nominal maximum size of the aggregate and
exposure condition (mild, moderate, severe},
and is given in ASTM C9%4.

Hardened Concrete, ASTM C457

Air Content of Fresh Concrete by the
Pressure Method, ASTM C231,
AASHTO T152

Air Content of Fresh Concrete by the
Volumetric Method, ASTM C173,
AASHTO T196

St
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Table 4-5. Stage 2 laboratory testing recommendations for

performance in portiand cement concrete (continued).

Performance
Test

Comment

Criteria

Test Method

Hydration and
Setting

‘When substitute materials are introduced
into concrete mixes, the overall setting time
of the concrete product could be impacted.
Knowledge of the rate of reaction is
important to determine hardening time.
Unless the reclaimed concrete material
contains deleterious materials, setting time
should not be adversely impacted by the
introduction of this material. Setting time
can be compared to control mixes to
determine the relative impacts of introducing
new materials into the mix. The hydration
and setting of concrete should be examined

| during the mix design.

There are no ASTM or AASHTO
specification requirements.

Hydration and Setting By Penetration
Resistance, ASTM C403

Specific
Gravity and
Absorption

The density of concrete mixes will depend
on the amount and unit weight of any
material introduced into the mix. The
impact on the density and yield of the
concrete should be evaluated during the mix
design.

There are no ASTM or AASHTO
specification requirements for specific gravity
and absorption. The data are used to
determine mass/volume conversions for
concrete and to determine conformance with
concrete specifications.

Gravity, Absorption and Voids in
Hardened Concrete, ASTM €642
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Table 4-6. Stage 2 laboratory testing recommendations for
aggregate substitutes in granular base.

Engineering Comment Criteria Test Method
Property

Particle Strength | Materials that are used as a granular base There are no ASTM or AASHTO particle Los Angeles Abrasion, Small Size
should have sufficient strength to resist excess |{strength specification requirements for Aggregate, ASTM C131, AASHTO T96
breakdown. Many jurisdictions will specify granular base and subbase. Most agencies
minimum requirements. specify a maximum Los Angeles abrasion loss |Resistance of Coarse Aggregate to

ranging between about 50 and 60 percent for |Abrasion in the MicroDeval Apparatus,
Particle strength can be assessed by LA conventional granular materials. MTO LS 618
abrasion testing, which is presently the standard
test used by most specifying agencies in the The Ontario, Canada, Ministry of Resistance of Fine Aggregate to Abrasion
United States. Transportation specifies a maximum Micro in the MicroDeval Apparatus, MTO LS
Deval test loss of 25 percent for the coarse 619

The MicroDeval test is a test method developed |portion of granular base material, and 30
in France during the 1960s and has been percent for granular subbase.
adopted by the Ministry of Transportation in
Ontario, Canada (MTO). It has been under
recent evaluation in the United States by the
Transportation Research Board (NCHRP 4-19)
as an alternative method to the LA Abrasion
test. MicroDeval testing may be more suitable
than LA abrasion, and can be used for
evaluating fine aggregate particle strength down
to 75 microns in size.

Moisture Most specifications will require that a granular | The moisture-density relationship must be Standard Proctor, ASTM D698, AASHTO

Density base be constructed with a specified compacted |established to determine the compaction T99 .

Characteristics |density. Two tests are available to characterize |characteristics of the granular base/subbase,

compaction. They include AASHTO T99 and
T180.

and as the reference density for compaction

(typically specified to be at least 95 percent of
the Standard Proctor maximum dry density in

most State specifications).

The modified Proctor test is usually specified
where the granular base/subbase must have

higher shear strength and hence must be more

dense.

Modified Proctor, AASHTO T180

421




Table 4-6. Stage 2 laboratery testing recommendations for
aggregate substitutes in granular base (continued}.

Engineering

Comment Criteria Test Method
Property

Permeability A number of permeability tests are available for | There are no specific permeability Constant Head Permeability, ASTM
quantifying permeability or hydraulic requirements for granular base or subbase D2434, AASHTO T215
conductivity. Some granular bases are dense malerials. However, when such materials are
graded by design (low permeability) and some |required to be free-draining, the permeability |Flexible Wall Triaxial Permeability Test,
are open graded (high permeability). The should not be less than about E-02 to E-03 ASTM D5084
specific test method selected in many cases will {cm/sec.
be determined by the grading specification or
specifying agency. _

Gradation The gradation of a material influences the Gradation limits are defined by the specifying |Sieve Analysis, ASTM C136, AASHTO
stability, drainage, and frost susceptibility of the|jurisdiction and for the intended use (base, T27
base. Gradations are typically specified for subbase). Grading limits used by specifying
granular base materials. If a new material agencies are generally based on ASTM D2940
cannot, by itself, meet the specified gradation, |or AASHTO Mi47.
then blending may be required.

Durability In situations where free draining (open-graded) i There are no ASTM or AASHTO specification | Magnesium or Sodium Sulfate Soundness,

bases are specified, durability testing is
recommended to preserve the drainage
capability of the material. Magnesium and
sodium soundness tests provide a measure of
the susceptibility of the material to breakdown
due to hydration reactions within the pore
spaces of the aggregate. The freeze-thaw
soundness test is a measure of the susceptibility
of the material to breakdown due to variation in
temperature.

limits for the durability of aggregates in
granular base applications. Some jurisdictions
have specified respective maximum soundness
and freeze-thaw losses in the range of 15
percent.

ASTM C88, AASHTO T104

Freeze-Thaw Soundness, AASHTO T103

i
L .
Mt

4-22

G




;
T

'w.;gmf"’ ’

Table 4-6. Stage 2 laboratory testing recommendations for
aggregate substitutes in granular base (continued).

Engineering Comment Criteria Test Method
Property
Base Stability |A granular base should have high stability, High quality, dense graded aggregate has a California Bearing Ratio, ASTM D1883,
particularly if it is being used as a supporting | California Bearing Ratio (CBR) value of about | AASHTO T193
structure for an overlying pavement structure. {100 percent or higher. Many granular base
Many jurisdictions utilize the California specifications stipulate 2 minimum CBR value
Bearing Ratio (CBR) test as a measure of base jof 80 percent (the Asphalt Institute). The
stability. National Stone Association and U.S.
Department of Defense apply a CBR value of
100 percent to graded crushed aggregate.
Most aggregate subbase specifications require
minimum CBR values in the range of 20 to 50
percent. ‘
Deleterious The presence of deleterious materials such as  |ASTM D2940 specifies that a material passing | Atterberg Limit, ASTM D4318, AASHTO
Materials plastic fines, organic matter, or extraneous a 0.425 mm (No. 40) sieve for granular base | T90

debris that might be present in substitute
materials could reduce the load camrying
capacity and ultimately the expected
performance of a granular base.

The Atterberg limit test is the most widely used
test for characterizing plasticity. Other tests
(e.g., sand equivalent test) might be used if
required by the specifying jurisdiction.

Petrographic examination (ASTM C295) is
recommended to assist in identifying the types
and quantities of extraneous debris.

Organic content testing ASTM D2974 or
equivalent) is recommended to identify the
extent of organic matter.

Volumetric expansion testing is also
recommended (ASTM D4792) to ensure that no
unforeseen expansive reactions will occur if a

and subbase should have plasticity indices no
greater than 4 and 6, respectively.

ASTM D2940 specifies that a material passing
a 0.425 mm (No. 40) sieve for granular base
and subbase should have sand equivalent
values of not lower than 35 and 30,
respectively.

There are no specific criteria for organic
content, but it is generally recommended that
the erganic content be kept to less than 5
percent by weight.

There are no specific criteria available for
petrographic examination. The test is used as
an indicator for the presence of extraneous,
potentially problematic materials.

At present ASTM D4792 has been used for
testing steel slag aggregate. Expansion limits

Sand Equivalent, ASTM D2419, AASHTO
T176

Petrographic Examination, ASTM C295

Moisture, Ash and Organic Matter of Peat
Materials, ASTM D2974

Potential Expansion of Aggregates from
Hydration Reactions, ASTM D4792

of 0.5 percent have been established by
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Table 4-7. Stage 2 laboratory testing recommendations for
substitute embankment or fill materials.
Engineering Comment Criteria Test Method
Property -

Corrosion Some materials can contain high salt contents | There are no ASTM or AASHTO specification|Cotrosion Potential-pH, ASTM GS51

Resistance or can alter the pH of the soils and induce limits for pH or electrical resistivity of
corrosion problems if contacted with metal or |embankment or fill materials. Soil Resistivity by Wenner Electrode,
concrete structures.  Each source of material ASTM G57
should be evaluated for corrosivity.
Two ASTM test methods are available for
evaluating potential corrosivity. They include

|ASTM G51 and G57.

Permeability Permeability or hydraulic conductivity testing is| There are nio specific permeability Constant Head Permeability, ASTM
an important parameter when adequate drainage | requirements for embankment and fill D2434, AASHTO T215
from the embankment or fill material is materials. Where frost susceptibility is a
warranted in the particular application. The concern, a permeability of greater than E-03 or {Flexible Wall Triaxial Permeability Test,
specific test method selected in many cases will |between E-06 and E-08 cm/sec is typically ASTM D35084
be dependent on the specifying agency. desirable. .

Compressibility |The compressibility (or consolidation) of a fill | There are no specific requirements or limits in | Consolidation Properties of Soils, ASTM
material is related to its shear strength, degree | ASTM or AASHTO. D2435, AASHTO T216
of compaction, void ratio, permeability, and
degree of saturation. It is therefore a function of Controlled Strain Test, ASTM D4186
the materials used for fill or embankment
construction, and must be established for fill or
embankrment design.
Two ASTM test methods are available to
quantity consolidation. They include ASTM
D2435 and ASTM D4186.

Bearing Capacity | Determination of bearing capacity is important |Minimum Califoria Bearing Ratio (CBR) California Bearing Ratio, ASTM D1883,

to assess whether the embankment or fill
material will be capable of supporting
pavement loads that may be imposed on it
without structural damage. The California
Bearing Ratio Test (CBR) is typically used. It is
a comparative measure of the support capability
of the test material with that of a well-graded
crushed stone.

values may be specified for selected
embankment and fill applications. The higher
the CBR or the subgrade material, generally
the thinner the pavement structure, with a
soaked CBR of at least 5, and preferably 10,
percent or more desirable.

AASHTO T193
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Table 4-7. Stage 2 laboratory testing recommendations for
substitute embankment or fill materials (continued).

Engineering Comment Criteria Test Method
Property
Specific The bulk relative density or unit weight of fill | There are no ASTM or AASHTO specification | Unit Weight and Voids, ASTM C29
Gravity/Unit or embankment materials determines the total  |limits for embankment fill materials, although
Weight load transmitted to the underlying soil. The the use of lightweight materials will generally |Specific Gravity of Soils, ASTM D854,
data are necessary to determine the potential be advantageons. AASHTO T100
consolidation of the underlying subsoil due to
the embankment loading and are also used in
determining the safety factors for side slope
stability analysis. Substitute materials with low
compacted density offer the advantage of
transmitting less load to the supporting surface
when compared with most conventional
materials.
Deleterious Petrographic examination (ASTM C295) can be|The ASTM C295 petrographic examination  |Petrographic Examination of Aggregates
Materials used to visually identify the presence of excess |test method has no formal specification for Concrete, ASTM C295

debris or organic matter that could compromise
the long-term quality of the fill material.

Separate organic content tests are also available
(ASTM D2974) to quantify organic matter.

When a substitute material is introduced as an
embankment material in a confined area where
expansion might be a problem, then an
evaluation of the potential for expansion is
needed. ASTM D4792 is a volumetric stability
test that has been used to evaluate the
volumetric instability of steel slag aggregates.

requirements and is used as an indicator to
screen for problematic constituents.

An organic content value (ASTM D2974) of
less than 5 percent has been recommended by
some jurisdictions.

ASTM D4792 has no specific criteria for use
in an embankment of fill application.
Expansion limits of 0.5 percent have been
used by some jurisdictions in evaluating its
potential for volumetric instability in granular
base applications.

Moisture, Ash and Organic Matter of Peat
Materials, ASTM D2974

Potential Expansion of Aggregate from
Hydration Reactions, ASTM D4792

L
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Table 4-7. Stage 2 laboratory testing recommendations for
substitute embankment or fill materials (continued).

Enginecring Comment Criteria Test Method
Property
Gradation Mixtures of granular and fine-grained soils are |There are no ASTM or AASHTO specification | Sieve Analysis, ASTM C136
most suitable for embankment or fill limits for embankment fill materials. A wide
construction. range of materials may be considered for this |Hydrometer Analysis, ASTM D422
purpose. Some jurisdictions limit the quantity
of percent passing the 0.075-mm (No. 200
sieve) size.
Moisture Density |Most specifications for embankment or fill The moisture-density relationship must be Standard Proctor, ASTM D698, AASHTO
Characteristics  {construction require the compacted fill material |established to determine if the T99
to achieve a target in-place density. The embankment/fill material is compactible
modified Proctor test is usually specified where |(moisture content within +2 percent of the Modified Proctor, ASTM D1557,
the embankment/fill must have higher shear optimum Proctor moisture content). This AASHTO T180
strength and hence must be more dense. information is also used for fill/embankment
construction as the reference density for
compaction (typically specified to be at least
95 percent of the Standard Proctor maximum
dry density).
Shear Strength | Shear strength characteristics are indicative of | The strength properties are a function of the  |Unconfined Undrained Triaxial, ASTM

the ability of the material to support loads
imposed under given drainage conditions. The
data are normally used to determine slope
stability when this is required.

materials used for fill or embankment
construction, and must be established for fill
or embankment design. There are no specific
requirements or limits in ASTM or AASHTO.

D23850

Consolidated Drained Direct Shear, ASTM
D3080

Consolidated Drained Triaxial, ASTM

D4767
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Table 4-§. Stage 2 laboratory testing recommendations
for aggregate or filler substitutes in stabilized base.

Engineering Comment Criteria Test Method
Property _
Deleterious The presence of deleterious materials such as | There are no ASTM or AASHTO specification | Atterberg Limit, ASTM D4328, AASHTO
Materials plastic fines, organic matter, or extraneous requirements for ASTM D2419. ASTM 190

debris that might be present in recycled
materials could reduce the expected
performance of a stabilized base.

The Atterberg limit test is the most widely used
test for characterizing plasticity. Other tests
(e.g., sand equivalent test) might be used if
required by the specifying jurisdiction.

Petrographic examination could assist in
identifying the presence of extraneous debris.

Volumetrically unstable materials could be a
problem in a stabilized base application. The
ASTM D4792 test method is a procedure that
has been used with steel slag aggregate, a
volumetrically unstable material.

D2940 specifies that the fraction of material
passing the 425-um sieve in conventional
granular base and subbase should have sand
equivalent values of not lower than 35 and 30,
respectively. These limits are also considered
to be appropriate for stabilized base and
subbase applications.

ASTM D1241 specifies that the fraction of
material passing the 425-um sieve in fine
aggregates for stabilized base and subbase
should have a liquid limit less than or equal to
25 and a plasticity index not greater than 6.

There are no specific criteria available for
petrographic examination. The test is used as
an indicator for the presence of extraneous,
potentially problematic materials.

ASTM D4792 has no specific criteria for use
in a stabilized base application. It has been
used to evaluate steel slag expansion
problems, where a limit of 1 to 2 percent has
been used by some jurisdictions for its use in
asphalt concrete and 0.5 percent for its use in
granular base. Any expansion beyond this
latter amount could suggest potential
volumetric instability problems.

Sand Equivalent, ASTM D2419, AASHTO
Ti76

Petrographic Examination, ASTM C295

Potential Expansion of Aggregates from
Hydration Reactions, ASTM D4792

'«ffw‘ L
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Table 4-8. Stage 2 laboratory testing recommendations
for aggregate or filler substitutes in stabilized base (continued).

Engineering
Property

Comment

Criteria

Test Method

Durability

It is desirable that recycled materials that are
used in stabilized bases be sound and durable.
Magnesium and sulfate soundness tests are used
to evaluate the durability of aggregate-like
material during wetting and drying, while
freeze-thaw tests are typically used to evaluate
the durability during freezing and thawing.

There are no specific ASTM or AASHTO
requirements for magnesium sulfate soundness
or sodium sulfate loss. Some agencies have
adopted a maximum loss of 20 percent in the
magnesium sulfate soundness test, and 15
percent for sodium sulfate soundness.

There are no ASTM or AASHTO specification
requirements for freeze-thaw soundness. A
loss of less than 6 percent would typically be
considered adequate.

Magnesium or Sulfate Scundness, ASTM
C88, AASHTO T104

Freeze-Thaw Scoundness, AASHTO T103

Gradation

A wide range of aggregate gradations may be
considered for use in stabilized base mixes,
provided mixture design data for strength and
durability can be furnished. In many instances
the lack of optimum particle sizing in a
stabilized base can be overcome by the addition
of additional binding agents (e.g., cement). To
maximize mix density and minimize void
spaces, stabilized mixes are typically designed
with fine aggregate (minus 4.75 mm)
comprising approximately 55 percent of the
mix,

Specific gradation limits will vary from
agency to agency, and for the intended use
(base, subbase, etc.). Grading limits are
generally based on ASTM D2940 or
AASHTO M147.

Sieve Analysis, ASTM C136, AASHTO
T27
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Table 4-8. Stage 2 laboratory testing recommendations
for aggregate or filler substitutes in stabilized base (continued).

/
R

Engineering Comment Criteria Test Method
Property
Particle Strength |It is desirable that substitute materials in ASTM D1241 specifies a maximum LA LA Abrasion, Small Size Aggregate,
stabilized base mixtures possess sufficient abrasion loss of 50 percent for conventional |ASTM C131, AASHTO T96
particle strength to resist degradation and aggregates used in subbase, base and surface
breakdown during construction and under courses for materials with average specific Resistance of Coarse Aggregate to
repeated traffic loads. Particle strength can be |gravity, absorption, and gradation Abrasion in the MicroDeval Apparatus,
assessed by LA abrasion testing, which is characteristics. MTO LS 618
presextiy the standard test used by most '
specifying agencies in the United States. The Ontario Ministry of Transportation in Resistance of Fine Aggregate to Abrasion
. Canada specifies a maximum loss of 25 in the MicroDeval Apparatus, MTO LS
The MicroDeval test is a test method developed |percent for the coarse portion of granular base |619
in France during the 1960s and has been material, and 30 percent for granular subbase.
adopted by the Ministry of Transportation in The same limits are considered to be
Ontario (MTO). Itis under evaluation in the  |appropriate for aggregates used in stabilized
United States as an alternative method to the base/subbase applications.
LA Abrasion test. MicroDeval testing may be
more suitable than LA abrasion and can be used | The Ontario Ministry of Transportation
for evaluating fine aggregate (sand-size) specifies a maximum loss of 30 percent for the
particle strength down to 75 microns in size. fine portion of granular base material, and 35
percent for granular subbase. The same limits
1t may be possible to compensate for particles - |are considered to be appropriate for aggregates
that do not exhibit adequate strength by used in stabilized base/subbase applications.
adjusting the binder content (e.g., cement) of
stabilized base mixes.
Unit Weight The unit weight of a recycled material willbe | There are no ASTM or AASHTO specification | Unit Weight and Voids in Aggregate,

an indication of the compacted density of the
mix.

limits for unit weight. The unit weight and
voids in aggregate data may be used to
determine mixture proportions for stabilized

ASTM C29/C29M, AASHTO T19

base applications.

4-31



Table 4-9. Stage 2 laboratory testing recommendations for
performance in stabilized base.

Enginecering

Property Comment Criteria Test Method
Dimensional In applications where the stabilized There are no ASTM or AASHTO specification | One-Dimensional Expansion, Shrinkage
Stability base/subbase may be confined, such as in requirements for stabilized base dimensional {and Uplift Pressure, ASTM D3877

pavement structures or around buried services |stability.
or against walls, the stabilized material must be
volumetrically stable, and not expand, which
exerts pressures on adjacent structures and/or
causes heaving.
Durability A well-compacted stabilized base mixture There are no ASTM or AASHTO specification |Freeze-Thaw Test of Compacted Soil-

should be capable of resisting the deteriorating
effects of freezing and thawing and wetting and
drying cycles.

ASTM D560 can be used to assess the
durability of the stabilized base/subbase and/or
stabilized subgrade in cycles of freezing and
thawing and is only needed in cold climates
where the pavement will be subjected to
freezing. ASTM D559 can be used to assess
wetting and drying cycles. Both of these test
methods are better suited for stabilized bases
using calcium-based binders than bituminous-
based binders.

requirements for freeze-thaw or wetting and
drying cycle durability for stabilized bases.

Cement Mixtures, ASTM D560

Wetting and Drying Compacted Soil-
Cement Mixtures, ASTM D559
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Table 4-9. Stage 2 laboratory testing recommendations for
performance in stabilized base (continued).

Engineering Comment Criteria Test Method
Property
Moisture- To develop the design strength of a cement The moisture-density relationship must be Standard Proctor, ASTM D698, AASHTO
Density (calcium based) stabilized base mixture, the established to determine if the stabilized T99
Relationship material should be well-compacted and as close |base/subbase material is compactible (moisture

as possible to its optimum moisture content
when tested and placed. Moisture density is
needed to determine the optimum moisture
content and maximum density of the mix.

content within 2 percent of the optimum
Proctor moisture content). This information is
also used for construction as the reference
density for compaction (typicaily specified to
be at least 98 to 100 percent of the Standard
Proctor maximum dry density).

The modified Proctor test is usually specified
where the stabilized base/subbase must be
more dense.

Modified Proctor, ASTM D1557,
AASHTO T180

Moisture-Density Relations of Soil-Cement
Mixtures, ASTM D558
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Table 4-9. Stage 2 laboratory testing recommendations for
performance in stabilized base (continued).

Engineering Comment Criteria Test Method
Property
Strength or Testing approaches used to characterize the There are no ASTM or AASHTO specification | For calcium-based binders recommended
Stability property of strength or stability (whichever is to | requirements for strength or stability in test methods include:

be evaluated) in stabilized bases will be
dependent on the design goals and binding
reagents used in the stabilized base mix. For
calcium-based binders such as lime or portland
cement, compressive strength tests or bearing
tests will in most cases be suitable measures for
characterizing stabilized base strengths. For
bituminous-based binders such as asphalt
cement or asphalt emulsions, bituminous
stability tests typically undertaken as part of
asphaltic stabilized base design methods can be
employed.

stabilized base applications. The
recommended procedure is to compare the
compactive effect of introducing recycled
materials into stabilized bases with that of
control mixes using conventional materials.

Bearing Ratio of Laboratory Compacted
Soil-Cement Mixtures, ASTM D3668

Compressive Strength of Molded Soil-
Cement Cylinders, ASTM D1633

Compressive Strength of Cylindrical
Specimens, ASTM C39, AASHTO T22

For bituminous-based binders
recommended test methods include;

Compressive Strength of Bituminous
Based Mixtures, ASTM D1074

Resistance to Plastic Flow of Bituminous
Mixtures Using Marshall Apparatus,
ASTM D1559, AASHTO 1245

Resistance to Deformation and Cohesion
of Bituminous Mixtures by Means of
Hveem Apparatus, ASTM D1560,
AASHTO T247

e
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Table 4-10. Stage 2 laboratory testing recommendations for
aggregate substitute in flowable fill.
Engineering Comment Criteria Test Method
Property
Deleterious A visual or petrographic examination should be | There are no formal specification requirements | Petrographic Examination of Aggregates
Materials made of the substitute material source to ensure |for petrographic or visual examination of a for Concrete, ASTM C295
that the material does not contain excess debrig [material. The results can be used as an
that could compromise the quality of the indicator to screen for problematic
flowable fill matrix. Additional testing may be |constituents.
warranted if unknown extraneous materials are
present. .
Unit Weight The unit weight of fine aggregate introduced | There are no ASTM or AASHTO specification |Unit Weight and Voids in Aggregate,
into a flowable fill blend will determine to a limits for unit weight and voids. The unit ASTM C29
great extent the unit weight of the mix. Low to {weight and voids in aggregate data are used to
moderate weight materials will facilitate determine concrete mixture proportions in
flowability and minimize partial segregation in |accordance with the American Concrete
the mix. Institute (ACI) volumetric concrete mix design
procedure.
Gradation It is necessary to determine the gradation of There are no ASTM or AASHTO specification | Sieve Analysis, ASTM C136, AASHTO

flowable fill blend to assess the strength and
flow characteristics of the mix. Well-graded
cementitious mixes may yield strengths that
exceed desired levels. The design of a harsh
mix, which is a stiff, low flow mix with a
preponderance of granular material, should also
be avoided. Blending of highly angular
materials with a more rounded material (natural
sand) may be needed to enhance the flowability
of the mix.

limits for use of aggregates in flowable fill
applications. Many jurisdictions specify that
the gradation requirements of sand vsed in
flowable fill comply with the ASTM C33
specification for fine concrete aggregates.

T27
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Table 4-10. Stage 2 laboratory testing recommendations for
aggregate substitute in flowable fill (continued).

Engineering
Property

Comment

Criteria

Test Method

Fineness

This test method would only be applicable if
the new aggregate or filler being introduced is
expected to exhibit pozzolanic properties.

Specification requirements vary with the type
of pozzolan and are provided in ASTM C618.
Although many jurisdictions utilize these
specifications (most notably for coal fly ash
use in portland cement concrete), the actual
fineness of the recycled material is not as
important in flowable fill mixes as consistent
values. A consistent fineness is a good
indication of a quality material.

Testing Fly Ash & Natural Pozzolans in
Portland Cement Concrete, ASTM C311

g
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Table 4-11. Stage 2 laboratory testing recommendations for
performance in flowable fill.

po—

Performance
Test

Comment

Criteria

Test Method

Hardening Time

The hardening time of flowable fill mixes is
usually related to the cement quantity and type,
and the presence and type of fine aggregate and
fillers. The introduction of substitute materials
could inhibit or slow the curing process and
should be investigated.

There are no ASTM or AASHTO specification
limits for setting time for flowable fill. The
setting time requirements are a function of the
intended use and specified, then designed,
accordingly.

Setting Time by Penetration Resistance,
ASTM C403

Strength Compressive strength is an important There are no ASTM or AASHTO compressive | Unconfined Compressive Strength of
Development performance test that is needed to ensure that  |strength specification limits for flowable fill. |Concrete Specimens, ASTM C39,
the flowable fill product (after curing) will meet | The specific requirements will depend onthe [AASHTO T22
the strength cornmensurate with the intended  |application and the specifying jurisdiction.
use. The test method selected will generally Flowable fill mixes are usually designed on  |Unconfined Compressive Strength of
depend on the specifying jurisdiction and the  |the basis of a minimum 24-hour strength and a | Cchesive Soil, ASTM D2166
flowable fill mix design. ASTM C39 will 28-day maximum compressive strength,
normally be conducted when a cement usually between 340 kPa (50 1b/in sq) and Unconfined Compressive Strength of
stabilized mix has been prepared to develop 1400 kPa (200 Ib/in sq). Chemical Grouted Soils, ASTM D4219
strength with time. ASTM D2166 can be used
where minimal or no cement is-added to the
blend. ASTM D4219 can be used for highly
fluid grout-like mixes.
Shear Strength | Shear strength could be an important property, |There are no ASTM or AASHTO specification | Triaxial Testing of Cohesive Soils, ASTM

particularly if the flowable fill mix is formed
above grade. The shear strength of a flowable
fill is a combination of cohesion and internal
friction and is related to the development of
compressive strength. Two types of tests are
available for measuring shear strength and
include the triaxial test and the direct shear test.

limits for shear strength for flowable fill. The
shear strength requirements are a function of
the intended use and specified, then designed,
accordingly.

D2850

Direct Shear Test, ASTM D3080
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Table 4-11. Stage 2 laboratory testing recommendations for
performance in flowable fill (continued).

PerfoTl:;ltance Comment Criteria Test Method
Unit Weight The unit weight of the flowable fill mix can There are no ASTM or AASHTO specification | Unit Weight, Yield and Air Content of

provide information on the expected soil
burden, which could be important if poor
subsurface soil conditions exist. It also is used
to check the unit weight of the flowable fill per
cubic meter and its actual yield (volume of
flowable fill produced from a mixture of known
quantities of the component materials) for
comparison with that determined theoretically
at the mix design stage.

unit weight limits for flowable fill.

Concrete, ASTM C138
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Table 4-12. Stage 2 laboratory testing recommendations for
landscaping materials.

Engineering Comment Criteria Test Method
Property
Organic Organic content testing is one of several test Composted biosolids generally fall within an Organic Content, ASTM D5268
Matter methods that will typically be required to assess organic content range of 40 to 60 percent.
the quality of a biodegraded organic biosolid.
Gradation Sieve testing is necessary to evaluate particle size | Gradation limits will vary for landscaping Sieve Analysis, ASTM C136,
requirements. materials from agency to agency depending on the | AASHTO T27
type of landscaping material being used. Organic
compost will typically require 100 percent passing
a 19-mm (3/4-in) sieve. Wood chips, shredded
bark, etc., can have varying requirements.
Water Retention of moisture is an important property if Water retentivity criteria will be dependent on the | Capillary-Moisture
Retentivity one of the objectives of the landscaping material is | type of plant growth desired and the regional Relationships, ASTM D2325

to support plant growth.

climate.

and D3152
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STAGE 2 EVALUATION Environmental Lab Tests

INTRODUCTION

In a Stage 2 environmental, health, and safety laboratory evaluation, a laboratory testing
program must be developed that will provide sufficient data to demonstrate that the proposed
material is suitable for use in its intended application.

To undertake this Stage 2 evaluation it is recommended that (1) a laboratory environmental test

plan be prepared to identify the methods and procedures to be used in evaluating the material

and its proposed application, (2) suitable performance criteria be identified by the decision

maker, and (3) the test data need to be statistically evaluated to determine if the established test
criteria are met.

Figure 5-1 provides a flowchart highlighting the sequential steps in an environmental, health,
and safety Stage 2 evaluation. Included in Figure 5-1 is reference to Tables 5-1 through 5-3,
which present recommended environmental, health, and safety test methods for applications in
which the recycled material is used as an aggregate substitute material in an unbound form (e.g.,
granular base), applications in which an aggregate substitute material is used in a bound form
(e.g., concrete), and applications in which the recycled material is used as a landscaping material
and contains a significant organic fraction (e.g., biosolids). Tables 5-1 through 5-3 contain three
columns: (1) a comment column that provides a description of the purpose of the test and when
the test should be used, (2) a criteria column that provides a description of available or suggested
test criteria, and (3) a description and reference for potential test methods that could be used.

Inherent in the use of this flowchart is that laboratory testing requires assessment of the
environmental performance of the proposed material as well as the environmental performance
of the product. Finally, it is important to consider environmental performance in potential post-
service life utilization scenarios. While these reuse scenarios cannot be precisely described, it is
important to identify to the extent possible future environmental issues that may arise if the
recycled material is reused.

LABORATORY ENVIRONMENTAL, HEALTH, AND SAFETY TEST
PLAN

The environmental, health, and safety laboratory test plan should contain all appropriate test
methods and procedures, including suitable reference materials to be used, test criteria, and
statistical procedures to be used to compare the laboratory data with criteria or with the
performance of the reference material.

Some recycled materials proposed for use in a given application may have unique properties that.
do not readily lend themselves to environmental testing as prescribed in the proposed test
methods. For example, there are no standardized methods to evaluate particulate release or
volatilization release for any application. In such cases, alternative methods may be

5-1



STAGE 2 EVALUATION Environmental Lab Tests

Design test plan that
delineates sampling and
testing requirements

|

l

Establish performance
criteria for decision making

Evaluate Data
Are the materials Are the materials Are the materials
and environmental | and environmental | and environmental
properties of the properties of the properties of the
proposed material proposed product proposed product
similar to containing the containing the
reference recycled material recycled Yes | Materials
materials similar to material in Approval
or appropriate reference subsequent
standards? materials reuses similar to
(See Tables 5-1 to or appropriate reference
5-3) standards? materials
(See Tables 5-1 to or appropriate
5-3) standards?
(See Tables 5-1 to
5-3)
l No
Stage 3 Testing
(See Chapter 8)

Figure 5-1. Environmental, health, and safety properties
laboratory testing flowchart.
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STAGE 2 EVALUATION Environmental Lab Tests

needed or field evaluations may be necessary. Tables 5-1 through 5-3 present some
recommended test methods.

ESTABLISH ACCEPTABLE CRITERIA

During the development of the test plan, the decision maker will need to determine the criteria
on which approval will be based. Two types of criteria are available for use in such an
evaluation. The first includes existing environmental standards that address clean soil,
groundwaters, surface waters, ambient air, and indoor or workplace air quality criteria. Most of

‘these criteria have been established by Federal and State agencies. They are based on likely

impacts to receptors resulting from ingestion, inhalation, or dermal exposure. By estimating the
release of contaminants on the basis of laboratory tests and emission release scenarios
anticipated during the design life of the application and during subsequent reuses, it is p0331ble
to estimate (typically using environmental models) whether these criteria will be exceeded. The
second criterion involves a comparison of emissions from the recycled material to a control or
reference material (e.g., conventional construction material) to assess the relative environmental
properties of the recycled material versus that of the reference material.

Tables 5-1 through 5-3 provide a description of available criteria or recommendations on which
the decision maker can make an evaluation. Chapter 10 provides a listing and description of
available web sites (as of this writing) that can be used to access information on assessment
methodologies and criteria that can be used in a Stage 2 evaluation.

When testing new materials in highway construction applications, the passing or failing of one
environmental parameter may not warrant a rejection of the material, particularly if performance
testing suggests that the final product will perform satisfactorily. There may be instances where
the proposed material yields questionable leaching results for one inorganic constituent, but in
the proposed application (e.g., asphalt pavement), the leaching behavior of the product performs
in an acceptable manner. When a questionable situation arises, the decision maker can pursue
Stage 3 field evaluations to resolve laboratory uncertainties.

EVALUATE LABORATORY DATA FOR POSSIBLE APPROVAL

As illustrated in Figure 5-1, data comparisons between the recycled material and reference
materials, or between the recycled material and/or appropriate criteria, will be required to
evaluate the suitability of the application. Such comparative analyses are best undertaken using
standard statistical procedures. Examples of such statistical procedures are presented in Chapter
9.



Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications.

Environmental
Property Comment Criteria Test Method
Regulatory U.S. EPA regulatory testing consists of The criteria for ignitability is defined by 40 The U.S. EPA does not list a standard test
Testing of material properties. They include ignitability, | CFR, Part 261.21. method for testing the ignitability of a
Aggregate corrosivity, reactivity, and toxicity solid, but provides the characteristics of
Substitute characteristics. The criteria for corrosivity is defined by 40 an ignitable solid in 40 CFR, Part 261.21.
CFR, Part 261.22.
Regulatory testing is used to determine if the The U.S. EPA lists standard test for
material is hazardous or nonhazardous from a | The criteria for reactivity is defined by 40 corrosivity as Method 5.2 in “Test
regulatory perspective. CFR, Part 261.23. Methods for the Evaluation of Solid
Waste, Physical/Chemical Methods™ and
The criteria for toxicity characteristics National Association of Corrosion
require leaching tests and are listed in 40 Engineers Standard TM-01-69.
CFR, Part 261.24, Table-1. Leachate
concentration limitations exist for eight The U.S. EPA does not list a standard test
inorganic compounds and numerous organic | method for testing the reactivity of a
compounds. solid, but provides the characteristics of a
reactive solid in 40 CFR, Part 261.23.
The Toxicity Characteristics Leaching
Procedure (TCLP) Test, SW-846 1311 is
used to characterize toxicity
characteristics. This method was
originaily developed to simulate leaching
in a municipal solid waste landfill
environment.
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Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued).

Environmental

Property Comment Criteria Test Method
Inorganic Inorganic composition provides information From an environmental perspective, there are | Standard U.S. EPA methods to determine
Composition of | on the elemental composition of the aggregate | no specific criteria. However, if the proposed | inorganic composition are normally
Aggregate substitute material (e.g., Al, As, Ba, Cd, Cu, material can be shown to be similar to undertaken by totally digesting the
Substitute Fe, Hg, Mg, Se, Zn). The main environmental | reference materials such as (i) accepted material and analyzing the digestate using

concerns are excessive concentrations of trace
metals. :

Inorganic composition determination should
be made when the composition in the
proposed aggregate substitute is unknown
(e.g., a new recycled material) or is suspected
to have changed over time {e.g., the
production or processing facility has
undergone modification).

construction materials (e.g., asphalt
pavements) or native materials (soils,
crushed rock) or (ii) clean soil guidelines,
then the material may not need further testing
and is acceptable from an environmental
perspective.

From a health and safety perspective, in
some cases, materials with similar
composition may have different leaching
behaviors. If the materials are of widely
different origin, the mineralogies may differ.
Therefore, in addition to comparisons of
inorganic composition between the proposed
and reference materials, evaluations using
leaching tests (such as total availability or
pH-dependent methods) may be required.

From a health and safety perspective, there
may be potential issues relative to fugitive
dust emissions during stockpiling,
processing, and eventual recycling and, as a
result, the inorganic composition of the fine
fraction (and its potential relation to air-
entrained particulate matter) may need to be
compared with applicable OSHA standards
for worker safety and exposure to air-
entrained particulate matter limits.

atomic absorption spectrometry, atomic
emission spectrometry or ion
chromatography. When using total
digestion techniques, care should be
taken to (i) prevent loss of volatile
elements like Hg and (ii) ensure that
silicates in the recycled material are
completely digested. See Standard
Methods 3030 I and K for digestion, and
Standard Methods 3111, 3112, 3113,
3114, 3120, 3125, and 4110 for digestate
analysis of SW-846 3050B and 3051 for
digestion and SW-846 6010B, 6020,
7000A for digestate analysis.

Inorganic composition can also be
determined using solid state methods
such as x-ray fluorescence analysis
(XRF) or neutron activation analysis
(NAA). Solid state methods are generally
easier (no digestion, reasonably good
detection limits), and less costly, but less
routinely available.
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Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued).

Environmental
Property Comment Criteria Test Method
Organic Organic composition provides information From an environmental perspective, there are | Many standard U.S. EPA methodologies
Composition of | that can indicate if the proposed recycled no specific criteria. However, if the proposed | exist for the determination of the organic
Aggregate material is contaminated with or contains material can be shown to be similar to composition of a material. Organics
Substitute compounds of concern (e.g., volatile organics, | reference materials such as (i) accepted Composition Using Extraction, Clean-Up
pesticides, semi-volatile organics). construction materials (e.g., asphalt and Detection of Organic Compounds
pavements) or native materials (soils, Using Gas Chromatographic Methods for
Organic composition determination should be | crushed rock) or (ii) “clean soil” guidelines, | Total Petroleum Hydrocarbons (SW-846
made when the composition in the proposed then the material may not need further testing | 8015) and Gas Chromatographic/Mass
aggregate substitute is unknown (e.g., a new and is acceptable from an environmental Spectroscopic Methods for Volatile
recycled material) or is suspected to have perspective. Compounds (SW-8260B), Semivolatile
changed over time (e.g., the production or Compounds (SW-846 8270C),
processing facility has undergone From a health and safety perspective, since Polyaromatic Hydrocarbons (PAHSs) and
modification). the material will be used in an unbound Potychlorinated Biphenyls (PCBs) (SW-
application, there may be potential issues 846 8275A), and Polychloninated
relative to fugitive dust and volatile Dibenzodioxins/Dibenzofurans
emissions during stockpiling, processing, and | (PCDDs/PCDFs) (SW-846 8280A or
eventual recycling and, as a result, the 8290).
organic composition of the fine fraction (and
its potential relation to air-entrained A more comprehensive listing of organic
particulate matter) may need to be compared | test methods can be found in SW-846.
with applicable OSHA standards for worker
safety and exposure to air-entrained
particulate matter limits.
Particle Size of | Particle size analysis is a measure of the size From a health and safety perspective, For particle size determination of 75
Aggregate distribution of the material. applicable standards for levels of fugitive microns or greater, ASTM C136 or
Substitute dusts are listed in 29 CFR, Part 1910. AASHTO T27 can be used to quantity

Particle size analysis should be undertaken if
fugitive dust emissions are expected.

If fugitive emissions are suspected, then the
inorganic and organic composition of the
material may need to be analyzed and the
composition of the fine fraction compared
with OSHA Standards listed in 29 CFR, Part
1910, Tables Z-1, Z-2, Z-3, and Z-4.

particle sizes.

For particle size determination of less
than 75 microns, ASTM method D422
can be used.
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Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued).

Environmental
Property Comment Criteria Test Method
Mineralogical Mineralogical composition testing is useful to | There are no applicable environmental Mineralogy using x-ray powder

Composition of | determine the inorganic crystalline phases of a | criteria. diffraction or other solid state
Aggregate material. | spectroscopies.
Substitute The presence of certain mineral phases [e.g.,
Determination of inorganic crystalline chrysotile (asbestos), quartz Si0O,] have Besides x-ray diffraction, there are a
structure should be performed when the health and safety implications. Mineralogical | number of additional spectroscopies that
mineralogical composition in the proposed analyses can be used to identify and quantify | can be used to characterize the materials
aggregate substitute is unknown (e.g., a new such phases. Criteria can be found in 29 (e.g., x-ray, photoelectron spectroscopy,
recycled material) or is suspected to have CFR, Part 1910. solid state nuclear magnetic resonance
changed over time (e.g., the production or spectroscopy, vibrational spectroscopies,
processing facility has undergone etc.).
modification).
Inorganic Inorganic leaching can be used to determine From an environmental perspective, there are | Determination of inorganic leaching can
Leaching of the amount of soluble inorganic components no specific criteria, However, if the proposed | be performed to analyze for (i) total
Aggregate that could be released from the proposed material can be shown to leach similar levels | available leaching, (ii) long-term
Substitute material. to reference materials such as (i) accepted leaching, or (iii) real-time leaching.

Testing of inorganic leaching should be done
when high concentrations of inorganic
constituents are present, which could be

“harmful if leached into the environment.

construction materials (e.g., asphalt
pavements) or native materials (soils,
crushed rock) or (ii) “clean soils,” or if
leachate levels are below applicable
groundwater, surface water, or drinking
water standards, then the material may not
need further testing and should be acceptable
from an environmental perspective.

For cases where inorganic leaching levels
from the proposed material are above
selected limits, it may be necessary to
examine the pH-dependent behavior of the
proposed material (see acid-base behavior).

There are no applicable health and safety
criteria.

Total availability leaching is used to
determine what fraction of the total
composition is available for leaching over
extended periods of time. Total
availability leaching of inorganics can be
determined using the Dutch Total
Availability Leaching Test (NEN 7341)
or an equivalent method.

Long-term leaching can be determined by
using batch leaching tests that use high
liquid to solid ratios. A variety of
methods are available, including U.S.
EPA Method 1311 (TCLP), U.S. EPA
Method 1312 (SPLP), U.S. EPA Method
1320 Multiple Extraction Procedure
(MEP), ASTM D3987 (Shake Extraction
of Solid Waste With Water), ASTM
D4793, and the NEN 7343 Dutch
Column Leaching Test.
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Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued).

Environmental
Property

Comment

Criteria

Test Method

Real-time leaching can be determined by
column leaching percolation using tests
such as the ASTM Column Leach Test
{(ASTM D4874) or the Dutch Column
Test (NEN 7343).

Organic
Leaching of
Aggregate
Substitute

Organic leaching can be used to determine the
amount of soluble organic components in the
aggregate substitute.

Testing of organic leaching should be done
when high concentrations of organic
constituents are present, which could be
harmful if leached into the environment.

From an environmental perspective, there are
no specific criteria. However, if the proposed
material can be shown to leach similar levels
to reference materials such as (i) accepted
construction materials (e.g., asphalt
pavements) or native materials (soils,

- crushed rock) or (ii) “clean soils,” or if

leachate levels are below applicable
groundwater, surface water, or drinking

| water standards, then the material may not

need further testing and should be acceptable
from an environmental perspective.

For cases where inorganic leaching levels
from the proposed material are above
selected limits, it may be necessary to
examine the pH-dependent behavior of the
proposed material (see acid-base behavior).

There are no applicable health and safety

“criteria.

There are no standard methods for
determination of organic leaching, but the
leaching methods listed below can be
used in conjunction with appropriate
organic analysis methods to determine (i)
total available leaching, (ii} long-term
leaching, or (iii) real-time leaching,

Total availability leaching is used to tell
what fraction of the total composition is
available for leaching over extended
periods of time. Total availability
leaching of inorganics can be determined
using the Dutch Total Availability
Leaching Test (NEN 7341) or an
equivalent method.

Long-term leaching can be determined by
using batch leaching tests that use high
liquid to volume ratios, A variety of
methods are available, including U.S.
EPA Method 1311 (TCLP), U.S. EPA
Method 1320 Multiple Extraction
Procedure (MEP), ASTM D3987, and
ASTM D4793.

Real-time leaching can be determined by
column leaching percolation using tests
such as the ASTM Column Leach Test
(ASTM D4874) or the Dutch Column
Test (NEN 7343).
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Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued).

Environmental
Property

Comment

Criteria

Test Method

The tests can be modified to analyze
organics in the leachates using such
methods as EPA 601, 8010, 602, 8020,
8015, 624, 8240, 8260, 524.2 (Volatile
Compounds) or EPA 625, 8270 (Acid
and Base-Neutral Extractables), EPA
608, 8080 (Pesticides, PCBs), or EPA

8100 (Total Petroleum Hydrocarbons).




Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (coutinued).

Environmental

Property Comment Criteria Test Method
Acid-Base Acid base behavior testing is an analytical From an environmental perspective and from | pH is a basic measure of the acid or
Behavior of approach that can be used to determine the a health and safety perspective, there are no | alkaline nature of a granular material and
Aggregate leaching characteristics of the material in specific criteria for acid-base behavior of a pH is the principal factor in controlling
Substitte different pH environments. It can be material. The information gathered from the | the leaching of virtually all inorganics

determined by examining the pH of the
material, pH-dependent leaching behavior,
and acid neutralization capacity of the
proposed material.

Determination of acid-base behavior is
typically undertaken to gain a better
understanding of the leaching of the proposed
material.

associated test methods can be used to assess
environmental conditions of acidity or
alkalinity that could result in excessive
leaching.

and some organics (e.g., acid or base
necutral extractables like phenols) in
recycled materials.

Determination of pH can be made using
SW-846 9045C.

pH-dependent leaching is used to assess
equilibrium leaching as a function of pH.
It is useful to understand whether
constituents will leach in acidic or basic
conditions or exhibit pH-dependent
leaching. The Dutch pH-Dependent
Leach Test (NEN 7343) or an equivalent
method can be used.

Acid Neutralization Capacity (ANC) is
the measure of the buffer capacity or
ability to resist pH change. An ANC test
method is available in ASTM C400;
however, the method is not an ideal test
and is really only applicable to very
alkaline materials.

: g

5-10

"”“\&,‘,\A’




Tesege

g

Table 5-2. Stage 2 laboratory testing recommendations for aggregate substitutes in bound applications.

Environmental

Property Comment Criteria Test Method
Regulatory U. S. EPA regulatory testing consists of a The criteria for ignitability is defined by 40 The U.S. EPA does not list a standard test
Testing of series of material properties. They include CFR, Part 261.21. method for testing the ignitability of a
Aggregate ignitability, corrosivity, reactivity, and solid, but provides the characteristics of
Substitute toxicity characteristics. The criteria for corrosivity is defined by 40 an ignitable solid in 40 CFR, Part 261.21.

Regulatory testing is used to determine if the
material is hazardous or nonhazardous from a
regulatory perspective.

CFR, Part 261.22.

The criteria for reactivity is defined by 40
CFR, Part 261.23.

The criteria for toxicity characteristics
require leaching tests and are listed in 40
CFR, Part 261.24, Table-1. Leachate
concentration limitations exist for eight
inorganic compounds and numerous organic
compounds.

The U.S. EPA lists standard test for
corrosivity as Method 5.2 in “Test
Methods for the Evaluation of Solid
Waste, Physical/Chemical Methods™ and
National Association of Corrosion
Engineers Standard TM-01-69.

The U. S. EPA does not list a standard
test method for testing the reactivity of a
solid, but provides the characteristics of a
reactive solid in 40 CFR, Part 261.23.

The Toxicity Characteristics Leaching
Procedure (TCLP) Test, SW-846 1311 is
used to characterize toxicity
characteristics. This method was
originally developed to simulate leaching
in a municipal solid waste landfill
environment.
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Table 5-2. Stage 2 laboratery testing recommendations for aggregate substitutes in bound applications (continued).

Environmental

Property Comment Criteria Test Method
Inorganic Inorganic composition provides information From an environmental perspective, there are | Standard U.S. EPA methods to determine
Composition of | on the elemental composition of the aggregate | no specific criteria. lfowever, if the proposed | inorganic composition are normally
Aggregate substitute material (e.g., Al, As, Ba, Cd, Cu, material can be shown to be similar to undertaken by totally digesting the
Substitute Fe, Hg, Mg, Se, Zn). The main environmental | reference materials such as (i) accepted material and analyzing the digestate using

concerns are excessive concentrations of trace
metals.

Inorganic composition determination should
be made when the composition in the
proposed aggregate substitute is unknown
{e.g., a new recycled material) or is suspected
to have changed over time (e.g., the
production or processing facility has
undergone modification).

construction materials (¢.g., asphalt
pavements) or native materials (soils,
crushed rock) or (ii) clean soil guidelines,
then the material may not need further testing
and is acceptable from an environmental
perspective.,

From a health and safety perspective, in
some cases, materials with similar
composition may have different leaching
behaviors. If the materials are of widely
different origin, the mineralogies may differ.
Therefore, in addition to comparisons of
inorganic composition between the proposed
and reference materials, evaluations using
leaching tests (such as total availability or
pH-dependent methods) may be required.

From a health and safety perspective, there
may be potential issues relative to fugitive
dust emissions during stockpiling,
processing, and eventual recycling and, as a
result, the inorganic composition of the fine
fraction (and its potential relation to air-
entrained particulate matter) may need to be
compared with applicable OSHA standards
for worker safety and exposure to air-
entrained particulate matter limits.

atomic absorption spectrometry, atomic
emission spectrometry, or ion
chromatography. When using total
digestion techniques, care should be
taken to (i) prevent loss of volatile
elements like Hg and (ii) ensure that
silicates in the recycled material are
completely digested. See Standard
Methods 3030 I and K for digestion, and
Standard Methods 3111, 3112, 3113,
3114, 3120, 3125, and 4110 for digestate
analysis of SW-846 3050B and 3051 for
digestion and SW-846 6010B, 6020,
7000A for digestate analysis.

Inorganic composition can also be
determined using solid state methods
such as x-ray fluorescence analysis
(XRF) or neutron activation analysis
(NAA). Solid state methods are generally
casier (no digestion, reasonably good
detection limits), and less costly, but less
routinely available.
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Table 5-2. Stage 2 laboratory testing recommendations for aggregate substitutes in bound applications (continued).

Environmental

Property Comment Criteria Test Method
Organic Organic composition provides information From an environmental perspective, there are | Many standard U.S. EPA methodologies
Composition of | that can indicate if the proposed recycled no specific criteria. However, if the proposed | exist for the determination of the organic
Aggregate material is contaminated with or contains material can be shown to be similar to composition of a material. Organics
Substitute compounds of concern (e.g., volatile organics, | reference materials such as (i) accepted Composition Using Extraction, Clean-Up

pesticides, semi-volatile organics).

Organic composition determination should be
made when the composition in the proposed
aggregate substitute is unknown (e.g., 2 new
recycled material) or is suspected to have
changed over time (e.g., the production or
processing facility has undergone
modification).

construction materials (e.g., asphalt
pavements) or native materials (soils,
crushed rock) or (ii) “clean soil” guidelines,
then the material may not need further testing
and is acceptable from an environmental
perspective.

From a health and safety perspective, since
the material will be used in an unbound
application, there may be potential issues
relative to fugitive dust and volatile
emissions during stockpiling, processing, and
eventual recycling and, as a result, the
organic compesition of the fine fraction (and
its potential relation to air-entrained
particulate matter) may need to be compared
with applicable OSHA standards for worker
safety and exposure to air-entrained
particulate matter limits.

and Detection of Organic Compounds
Using Gas Chromatographic Methods for
Total Petroleum Hydrocarbons (SW-846
8015) and Gas Chromatographic/Mass
Spectroscopic Methods for Volatile
Compounds (SW-8260B), Semivolatile
Compounds (SW-846 8270C),
Polyaromatic Hydrocarbons (PAHs) and
Polychlorinated Biphenyls (PCBs) (SW-
846 8275A), and Polychlorinated
Dibenzodioxins/Dibenzofurans
(PCDDs/PCDFs) (SW-846 8280A or
8290).

A more comprehensive listing of organic
test methods can be found in SW-846.

Particle Size of
Aggregate
Substitute

Particle size analysis is a measure of the size
distribution of the material.

Particle size analysis should be undertaken if
fugitive dust emissions are expected.

From a health and safety perspective,
applicable standards for levels of fugitive
dusts are listed in 29 CFR, Part 1910.

If fugitive emissions are suspected, then the
inorganic and organic composition of the
material may need to be analyzed and the
composition of the fine fraction compared
with OSHA Standards listed in 29 CFR, Part
1910, Tables Z-1, Z-2, Z-3, and Z-4.

For particle size determination of 75
microns or greater, ASTM C136 or
AASHTO T27 can be used to quantity
particle sizes.

For particle size determination of less
than 75 microns, ASTM D422 can be
used.
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Table 5-2. Stage 2 Iaboratory testing recommendations for aggregate substitutes in bound applications (centinued).

Envirenmental
Property

Comment

Criteria

Test Method

Mineralogical
Composition of
Aggregate
Substitute

Mineralogical composition testing is useful to
determine the inorganic crystalline phases of a

material.

Determination of inorganic crystalline
structure should be performed when the
mineralogical composition in the proposed

aggregate substitute is unknown {(e.g., a new

recycled material) or is suspected to have
changed over time (e.g., the production or
processing facility has undergone
modification).

There are no applicable environmental
criteria.

The pre